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MULTIPLE ANTIGEN GLYCOPEPTIDE CARBOHYDRATE 
VACCINE COMPRISING THE SAME AND USE THEREOF 

TECHNICAL BACKGROUND 
5 1 . Field of the Inventio n 

The present invention is directed to the field of immunotherapy and 
more particularly to a glycoconjugate, a composition and vaccine 
comprising the same and to the use thereof for enhancing the immune 
ju response and notably in cancer therapy and in therapeutic of infection 
caused hy pathogenic agent against whom a humoral or a cellular 
immune response is necessary. The invention relates also to a diagnosis 
kit and a method for diagnosis of cancer. 

if 2. Prior Art / Rolcvant Literature 

As a result of flhAnrflnr glycosylate, cancer-associated 
carbohydrate antigens are exposed at the surface of tumor cells whereas 
they are hidden in normal cells (Bhavananda, et al. (1991)). Recent 

20 advances in immunology and in the identification of tumor specific 
antigens have renewed the interest for the development of cancer 
vaccines, and these exposed glycosidic B-cell epitopes have been 
considered as attractive targets for immunotherapy named "Active 
Specific Immunotherapy" (ASI) by-Longeneckcr (MacLean et aL (ig94)). 

25 This approach involves immunization with a defined antigen -to elicit a 

specific immune reeponse^to "that antigen and could represent an 
alternative to the conventional cancer therapies. 

Among the large number of known tumor markers, the Tn (a- 
GalNAc-Ser/Thr), the T* (p-Cal-{1-y3)-<x-GalNAc Ser/Thr) and the 

30 sialosyl-Tn (a-NeuAc-(2^6)-a-C3alNAc-Ser/Thr) antigens have been 
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extensively studied since they are expressed on mucin-type 
glycoproteins by the majority of adenocarcinomas (Springer et al: 
(1984).. Indeed, several studies have shown seme protection against 
tumors after immunization with these giycosidic antigens, in Sxperirhental 
5 or clinical studies. These tumour associated carbohydrates are relevant 
markers for cancer diagnostic and prognosis (Itzkowiiz et al (1990)). 
Using desialylated red blood cells, which are rich in T and Tn 
determinants. Springer observed a long-term effective protection against 
recurrence of human breast carcinoma (Springer et al. (1995). Springer 
10 et al. (1994). An other group investigated the potential of ASI with 
desialylated ovine submaxillary mucin (d-OSM) ? which contains high 
density of the Tn epitope ; their studies showed that this antigen 
provided a good protection and a long-term survival in mice with 
mammary carcinoma (Singhal et al. (1991)). Partially d-OSM also gave 
\$ efficient protection against human colon carcinoma (O'Boyle et al. 
(1992)). Ratcliffe 'et ei were the first to use a synthetic tumor-associated 
antigen, a T antigen-protein conjugate, to stimulate an efficient immune 
response in rabbits (Ratcliff et al. (1981)). Thereafter Longenecker 
extensively studied sirnilai synthetic carbohydrate hapten conjugates and 
20 found that they induce an increased survival of mice grafted with 
mammary carcinoma cells ( Fung et al. (1990)), and of patients with 
ovarian cancers ( MacLean el al. (1992)). Similar studies of the same 
group have further shown an increased protection of patients suffering 
from breast cancer (Longcncckcr~ct al. 1993)) or melanoma (Helling et 

_ 25 at. _(1 995))_after respective administration „of„sialosyl . Tn- or -the GM2 

ganglidside^rofei^ other hand. Toynkuni at~aL~ 

generated an anti-tumor antibody response in mice after immunization 
with a Tn antigen coupled either to OSA (Ovine Serum Albumin) or to a 
synthetic lipopeptide (Toyokuni et al. (1994)). This last result was 
30 interesting since it was the first example of a small synthetic 
carbohydrate antigen that generates an Immune response against a 
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tumor associated carbohydrate antigen, without the use of a 
macromolecular carrier or adjuvants. 

These studies suggested that carbohydrate antigens are 
appropriate candidates for anti-tumor vaccine development. However, 
5 carbohydrate antigens du nul possess T-uell epitope and therefore 
induce only weak T cell-independent antibody response. Several 
approaches have been explored to increase the immunogenic^ of such 
carbohydrates. The use of biological material which expresses clusters 
of antigens on a protein hackhone (like desialylaterl red blood cells; or 
10 OSM) i? a possibility. But the most widely used approach is to conjugate 

the carbohydrate to a carrier protein, such as Bovine serum albumin 
(BSA) or Keyhole limpet hemocyanin (KLH) 

Although these immunogens have shown some promise, protein 
carriers display major disadvantages. The grafted epitope represents 

15 only a small part of the total conjugate and it is distributed at random on 
the carrier surface. Therefore, immune responses to the carrier molecule 
may result in a low level of the desired antibodies as compared to the 
total amount of antibodies produced. Moreover, these conjugates 
piesent ambiguity in both composition and structure and they do not 

?.o always induce reproducible immune response. Recent advances in the 
total synthesis of oligosaccharides expressed by tumour cells 
(Deshpande et al. (1997), Sames et al. (1997)) open new possibilities for 
such achievement. However, haptenic molecules such as carbohydrates 
require their association in more cqrjnplex structures to stimulate immune 

25 responses. The use of traditional piulein conjugates raises the problem 

of hapten-specific stippresshSrt (Herzenberg et al. (1980), Schutze et ai. 

(1985)), and their poorly defined chemical composition and structure may 
limit their efficacy. 

Until now, as for chemically defined structures, riendrimeric poly- 

30 lysine backbones, which will be described in more detail later in the 
present specification, have been widely used for presenting peptides 
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(Tam et al., 1994). However, to our knowledge, there is only one 
preliminary attempt of their utilisation for presenting carbohydrates to the 
immune system (Koy et al., 1994). This latter reference teaches the 
synthesis of three sialylated multiple antigen peptides having tetanus 
5 toxin T-cell epitopes. A similar strategy was also recently published (Lett, 
et al. (1995). CHOIMG et al..1997) where the authors couple mixtures of 
natural or synthetic polysaccharides to a Multiple Antigenic Peptidic 
system. 

Thus, there still exist a need for a new conjugate circumventing the 
10 drawbacks mentioned above of the prior art constructions which has a 
chemically defined structure, is capable of stimulating both the antibody 
response and the T response when administered in a human or animal 
body, while avoiding undesircd immune responses. 

is SUMMARY OF THE INVENTION / PREFERRED EMBODIMENTS 

Accordingly, the present invention Is generally directed to a 
carbohydrate peptide conjugate comprising : 

a carriei comprising a dendrimeric poly-Lysine enabling multiple 
20 epitopes to be covalently attached thereto, 

at least one peptide comprising one T epitope or several identical 
or different T epitopes 

at least one carbohydrate moiety containing B epitope, provided It Is 
not a aialosidc, or several identicaljpr different B epitopes. 
25 The peptide comprising the T epitope(s) can be bo und t o a lysine of 

said carrier, as the rarbohydfetermoiety containing^ epitope(s).~ 

This approach for presenting epitopes is herein referred to as the 
Multiple Antigen Glycopeptide (MAG). The conjugate of the present 
invention is notably useful for enhancing the antibody response in a 
30 human or animal body to which it has been administered and in 
particular as a vaccine. 
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Moreover, sine.** a multiple antigenic O-linked glycopeptide (MAG), 
according to the present invention, carrying for example the 
carbohydrate Tn antigen associated with a CD4* T cell epitope was 
shown able to induce anti-Tn IgG antibodies which recognise human 
5 tumour cell lines, accordingly the present invention also concerns an 
composition capable of increasing the survival of a tumour-bearing 
human or animal. A therapeutic immunisation protocol performed with 
this fuliy synthetic immunogen increased the survival of tumour bearing 
mice. 

io More particularly the present invention is directed to a carbohydrate 

peptide conjugate comprising : 

- at least 3 lysine residues covalently bound to each other, 

- ot least one peptide comprising a T epitope bound to a lysine 
residue, and 

i< - at least one carbohydrate moiety containing epitope B, optionally 

substituted, covalently linked to the end of said peptide opposite to 
lysine, and with the proviso that said carbohydrate moiety is not a 
sialoside radical 

According to another embodiment of the invention, the conjugate 
20 comprises: 

- at least one peptide comprising one T epitope, or several identical 
or different T epitopes, and 

- at least one carbohydrate moiety, or a derivative thereof, 
containing B epitope, provided it is not sialoside, or several identical of 
25 different epitopes. 

In a further embodimem-oMhe invention-the-carbohydiate-peptide 
conjugate is linear. 

Another object of the present invention is a pharmaceutical 
composition comprising the conjugate of the present invention. 
30 A further object of the present invention is a vaccine comprising the 

conjugate according to the present invention. 
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A still further abject of the present invention is a method of 
enhancing the immune response of a human or animal body, in 
particular B and / or T-cell responses, wherein the conjugate according 
to the present invention is administered tn said human or animal body. 
5 . . Another object of the present invention is a method of inducing B- 
cell responses against saccharide epitopes In a human or animal body, 
wherein the conjugate according to the invention is administered to said 
human or animal body. 

A still further object of the present invention is a method of 
10 vaccination of a human or animal body wherein the conjugate according 
to the present invention is administered to said human or animal body. 

Another object of the present invention is a diagnosis kit comprising 
antigen specific antibodies elicited by immunization of a human or animal 
body with a composition according to the present invention. 
m A further object ot the present invention is a method of diagnosis of 

cancer wherein a biological sample is bringing into contact with at least 
one of these antibodies and wherein one determines the formation of 
cnmpleyes between this antibody and molecules comprised in the said 
sample. 

20 A still further object is an immunogenic composition as described 

hereabove, capable tn elect an immune response against a viral 
infection caused by a pathogen such as hepatitis virus, HIV or CMV. 

The present Invention will now be described in details in Ihe 
following description with reference to the drawings below. 

25 

BRIEF DESCRIPTIONOF-f HE DRAWINGS 

Figure 1 is a schematic representation of a MAG compounds (B4- 
T4-M, B8-T8-M. B2-I2-M and B4-T4-M (with different organization of T 
30 and B epitopes) (a to d), tri-Tn(e) and hexa-Tn(f) according to the 
present invention. 
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Figure 2 depicts the Tn antigen and its derivatives. 

Figure 3 shows the recognition of B4T4-M by two anti Tn 
5 • monoclonal antibodies. 

Figure 4a depicts the T antigenicity of B4-T4-M or Tn MAG In vitro 

Figure 4b illustrates the in vivo anti-T response of B4-T4-M. 

10 Figures 5a, 5b and 5c show the induction in BALB/c, SJL/J and 

DBA/1 mice, respectively, of anti-Tn antibody by the Tn-MAG compound. 

Figure 6 illustrates the induction in BALB/c mice of antibody 
responses by the Tn-MAG compound containing Tn antigen and 
15 poliovirus epitope T, CD4* 

Figure 7 illustrates the results of the protection induced with the 
I n-MAG compound against murine adenocarcinoma TA3/Ha expressing 
Tn antigen in challenge injected BALB/c mice. 

20 

Figure 8 schematic representation of the MAG:Tn-PV molecule. 



Figure 9 B and T-cell antigenicity of the MAG:Tn-PV. a, the MLS28 
mAb specific for Tn was testert^hy Fl ISA for reactivity to Tn-OVA 

:25 conjugate (A), control MAP:PV (O). and MAG:Tn-PV {•) coated at 1 

|jg/ml. b. stimulation of a PV-specific T-cell hybridoma by the PV (□), Tn- 
PV (■), MAPiPV (O), and MAG.Tn-PV(^) constructs in the presence of 
A20 cells. 
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Figure 10 recognition of tumor cell lines bearing the Tn antigen by 
sera from MAG:Tn-PV primed mice. Flow cytometry analysis was carried 
out on human Jurkat (a) and LS180 (b) cells and (c) murine TA3/Ha cells 
incubated with sera (diluted at V?50) collected from RAI R/r/nahfe mice 
5 (point line) . MAP-PV primed mice (short dashes.) . MAG:Tn-PV primed 
mice (bold line.) or the MLS128 mAb (long dashes). Binding was 
detected using FITC labeled antibodies specific for mouse 
immunoglobulin. The positive staining observed with the serum from the 
MAG:Tn-pv primed mouse is representative of five Individually tested 
lo sera. 

Figure 11 Active specific immunotherapy in tumor bearing mice. 
After i.p. administration of 1000 TA3/Ha adenocarcinoma cells (day 0), 6 
weeks old BALB/c mice were left unhealed (group 1) or received on days 

15 2, 5, 10 and 17. a 50|jg dose of the MAP:PV (group 2) or the MAG: I n- 
PV (group 3) mixed with 1 mg of alum, and then mice were monitored for 
survival. Cumulative results of three independent experiments are 
presented corresponding tn 18 mice in group 1 and 21 mice in groups 2 
and 3. Differences are statistically significant between groups 1 and 3 (P 

20 < U.U2) and between groups 2 and 3 (P < 0.0 1). 

Figures 12A and 12B illustrate the results of immunization of Balb/C 
mice with the PV peptide or B-T-PV, glycopeptide, respectively primed 
with CFA (fig.12A) and with alum (fig.12B). 

" Figure 13. Antigenicity of^n^lycope^ 

MLS128 binding to various Tn-glycopeptides was assessed by direct 
ELISA (A). Inhibition of MLS128 binding to Tn3G6K(Biot)G (B and C) 
was performed hy competitive ELISA using the indicated Tn- 
glycopeptides as described in material and methods section. 
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Figure 14. Anti-Tn antibodies induced in mice immunized with Tn- 
ylycopeptides as measured by ELISA. Mice (four per group) received 
three injections (days 0, 21 and 42) of 50 |jg of PV, Tn-PV, Tn3-PV, Tn6- 

5 PV and D-(Tn3)-PV in CFA for the first injection and in IFA for boost 
injections. After each injection, sera were collected and analyzed for anti- 
Tn antibody response using the Tn3G6K(Biot)G glycopeptidc (IgM in A 
and IgG in B). No sera binding was observed in ELISA using the 
unglycosylated STTG6K(Biot)G peptide as coating antigen (data not 

jo shown). Results are expressed as the mean of individual antibody titers. 
Serum titers < 100 are considered negative since sera were tested at 
1/100 starting dilution. 

Figure 15. Anti-Tn antibodies induced in mice immunized with Tn- 
15 glycopeptides as measured by FACS using a human tumor cell line 
beanng the Tn antigen. Flow cytometry analysis was carried out on 
human Jurkat cells incubated with serial dilutions of sera from BALD/c 
mice (four per group:) immunized on day 0 with 50 pg of Tn-PV, Tn3-PV. 
Tn6-PV and D-(Tn3)-PV in CFA. then boosted on days 21 and 42 in IFA 
20 with the same antigens. The sera are from mice bled eight days after the 
last injection. Binding wa3 detected using FITC labeled antibodies 
specificZfor. mouse igM7~^d_antiTmouse JgG biotinylated antibodies 
revealed with streptavidin-PE. Results are expressed as the mean of 
individual antibody titers calculated as indicated in material and methods 
25 section. Scrum titer < 50 (dashed line) are considered negative since 
sera were tested at 1/50 starting dilution. 
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Figure 16 

Schematic representation of Tn and dei ivalives 
Figure 17 

s Schematic representation of MAG constructs 
Figure 18 

10 fl LPS activated B cell blasts were incubated with 10 s T cell hybridoma 
45G10 specific for PV in the presence of serial dilution of : 
io (A) linear PV peptide or Tn-PV ? Tn3-PV, Tn6-PV glycopeptides; 
(B) MAP:PV, MAG:Tn-PV MAG:Tn3-PV, MAG:Tn6-PV: 
24 h- supernatants were tested for IL 2 content using the CTLL cell line. 

Figure 19 

I5 5 X 10 4 Dendritic cells (A) or 10 5 activated macrophages (B) wore 
incubated with serial dilution of MAP:PV % MAG:Tn-PV f MAG;Tn3-PV, 
MAG:Tn6-PV, together with 10 5 T cell hybridoma 45G1C specific for PV. 
24 h- supernatants were tested for IL-2 content using the CTLL cell line. 



20 Figure 20 

10 5 l-E* transfected L cells were incubated with serial dilutions of 
MAP:PV, MAGTn-PV MAG:Tn3-PV. MAG: I n6-PV, together with 10 5 T 
cell hybridoma 45G10 specific for PV. 24 h- supernatants were tested 
for IL-2 content using the CTLL celMtne. 

;<1 ^>. V - " 

Figure 21 

Dendritic cells (5X 10 4 ) were incubated with serial dilutions of the 
MAG:Tn-M5 t the MAP:M5 or the M5 peptide, together with 10 s T cell 
hybridoma FBCD1 (A) or CRMC3 (B) specific for M5/I-A d and M5/I-A 0 
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and incubated at 37°C for 24 h. 24 h- supernatante were tested for IL-2 
content using the CTLL cell line. 

Figure 22 

5 Dendritic cells (5X 10 4 ) were Incubated with serial dilutions of the 

MAG:Tn3-PV alone or in the presence of PAA-GalNac or PAA-Mannose. 
Then. 45G10 T cell hybridoma (10 5 )was added and incubated at 37°C 
for 24 h. 24 h- supernatants were tested tor IL-2 content using the CTLL 
cell line. 

in 

DETAILED DESCRIPTION 
Definitions and abbreviations : 
Antigens : 

id The expressions carbohydrate D antigen. B epitope, B-cell antigen. 

B-cell epitope are used herein to designate in general glycosldlc antigens 

capable of eliciting a B-cell response, the antigens consisting of 

sialosides being excluded. 

Ry T antigen or T epitope.T-cell antigen, T-cell epitope is meant an 
20 antigen generally ol a peptidic nature capable of eliciting a T cell 

response. 

Synthetic compounds B-'I, M, B4-M. 14-M and B4-T4-M were also 
used as antigens (see Table 2 hereafter). 

A T antigen is named T in Tables 1 and 2 and may be a PV antigen 

25 .of Tables 3 and 4 

"A~B antigen is named ifih fables l and 2 and may be a Tn antigen 
of Tables 3 and 4. 

The B~T structure nf Tables 1 and 2 may be the GP:Tn-PV of 
Tables 3 and 4. 
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« B4-M » or <c B4-MAP » of Tables 1 and 2 may be th* MAG:Tn of 
Tables 3 and 4. 

« T4M » or « T4-MAP » of Tables 1 and 2 may be the MAP:PV of 
Tables 3 and 4. 

5 « B4-T4-M » or « B4-T4-MAP » of Tables 1 and 2 may be the 

MAG:Tn-PV of Tables 3 and 4. 

The abbreviation M as used herein is an example of MAP (Multiple 
antigen peptide and designates the following structure: 

io Lys-Lys-Lys 

I 

P-Ala 

Where appropriate, the universal one letter code for aminoacids 
was used herein (K for lysine, etc.). 

15 Other abbreviations also used in the present invention : 

BSA, bovine serum albumin ; OSA, ovine serum albumine ; Ova, 
ovalbumin ; OSM. ovine submaxillary mucin ; d-OSM. desialylated ovine 
submaxillary mucin ; ES MS, electrospray mass spectrometry ; Fmoc, 
Fiuoren-9-yl-methoxycaibonyl ; PBS, phosphate buffered saline; AgOTf, 

:>o trimethylsilyl trifluoromethne sulfonate; Ag 2 C0 3 . silver carbonate; 
AgCIO*, silver pcrchlorote; o OSM, asialo ovine submaxillary mucin; 
CFA, Complete Freund Adjuvant; DIEA, diisopropylethylamine; ESMS, 
electrospray mass spectroscopy; FCS. Fetal Calf Serum; FITC, 
Fluorescein l30thiocynatc; Fmoc, 43-fluorcny!mcthoxycarbonyl; HOBT. 1 

25 hydroxybenzotrlazole; (FA, Incomple te Fr eund Adjuvant; PE, 

phycoerythrin; PFA. par^rmaldehyiaftriifp. perifaflfioiYiphftnyl; PV, 
Poliovirua; TBTU, 2-(1 H-benzotriazole-l-ylJ-IJ.S^-tetramcthyluronium 
tetrafluoroborate; TFA, trlfluoroacetlc acid; TT, Tetanus toxin; Fmoc. N- 
<9-fluorenyl)methoxycarbonyl; KLH, beyhole limpet hemocyanin 
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The expression « antibody response », « B- or B-cell response » 
are used indistinctively herein. The same applies to « cellular 
response », « T- or T-cell response ». 

The present invention is. directed in its primary aspect to a 
5 carbohydrate peptide conjugate comprising : 

an appropriate carrier based on a dendrimeric poly-Lysine enabling 
multiple epitopes to be covalently attached thereto, 

at least one peptide comprising one T epitope or several identical 
or different T epitopes. 
10 at least one carbohydrate moiety containing B epitope, provided it is 

not a sialoside or several identical ui different B epitopes. 

Several identical T or R epitopes means between two to eight of the 
same epitope. 

Several different T epitopes means between two to eight of T 
J 5 epitopes from different origins 

Several different B-epitopes means between two to eight of B- 
epitopes from different origins. 

The poly-Lysine core of the present conjugate is called a dendnmer 
because it may be represented (Figure 1) as a star with multiple 
?o branches all substantially identical 

As stated earlier, multiple antigen peptide system have been 
described in 1988 by Tarn et al. (1988) that arc based also on certain 
dendrimeric structure in which peptldlc antigen are covalently wnjugated 
to the branches of the latter. . 

25 Exampl es of suitable carriers comprise Jhose having a_ structure_ 

based ^n a p^ branches star, such as7 

for example a 8 or 4 branches star. 

Thus the present invention in one of its preferred embodiment is 
directed to a conjugate comprising a dendrimeric structure based on a 
30 poly-Ly3ine core forming a 4 branches star, with an epitope T covalently 
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bound to each of the branches and associated to a carbohydrate moiety 
(provided it is not a sialoside radical) containing an epitope B. 

According to a further preferred embodiment of the present 
invention the multiple antigen glycopeptide (MAG) forming the conjugate 
5 according to the present invention comprises at least 3 lysines and up to 
15 lysines residues covalentiy linked to one another. Most preferably the 
present conjugate comprises 3 lysines. 

In a preferred embodiment to the NH2 end of each lysine residue 
is bound at least one peptide comprising one epitope T bound to a lysine 
io and at least a carbohydrate residue,- being not a sialoside, optionally 
substituted, covaiently bound to the end of said peptide opposite to the 
lysine and forming a B epitope. 

In another preferred embodiment, to the NH £ end of each lysine 
residue is bound at least one carbohydrate residue, being not a 
15 sialoside. optionally substituted and forming a B-epitope bound to a 
lysine and at least a peptide comprising one T-epitope covaiently bound 
to the end or said carbohydrate opposite to the lysine. 

The MAG structure referred to herein will be better understood by 
reference to Figure 1. 
2 < J in Figure 1 aie schematically represented examples of a 4 to 8 

branch** star comprising from 3 to 7 lysines bearing 4 to 8 aminogroups 
bound to desired epitopes (epitopes B, optionally substituted with a 
peptide and epitopes T). This sliuclure provides a high density of the 
antigens at the surface of the lysine core. 

23 Moreover this structure _ offers several advantages. -First, the - 

"carbohydrate content is muSfrffigher irTthe MAG system (usually over 90 
%) than in the traditional protein conjugates This structure of high 
density glycopeptide antigens induce higher antibody responses 
confirming the previous observation comparing an MAP system to the 
30 same antigens covaiently linked to a carrier protein (J.P TAM fit a! 
(19B0)and J.P. TAM (1994)). 
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A further advantage of the MAG is that the core matrix, 
representing a minor fraction of the total construct has a low 
immunogenicity, thus avoiding undesired immune responses (Posnett et 
al (1988)). Another advantage , of the present construct is that the 
resulting synthetic immunogen has a well defined chemical structure. 

The presence of both carbohydrate B epitopes and T epitopes on 
the glycoconjugate of the present invention renders the latter an efficient 
immunogen 83 will be demonstrated later in the experimental section. 

The carbohydrate moiety, containing the epitope B of the conjugate 
according to the present invention, may originate, for example, from 
tumor (cancer) glycosidic antigens of : 

- the glycollpld class. Including acidic glycollpld such as. for 
example, gangliosides GD2. GD3 and GM3 (melanoma) and neutral 
glycolipids such as. for example, the Lewis y (Le y ) (breast, prostate, 
ovary) and the Globo H (breast, prostate, ovary) antigens. The sialylated 
derivatives belonging to this class are excluded. 

- the O- glycosyl peptides (or aminoacid) class such as, for 
example, the Tn antigen (aGalNAc-Ser or aGal NAc-Thr). T' antigen (0- 
Gal-(1-3)-«-GalNac-Ser or pCal(1-3)aCal -NAc-Thr), two tumor markers 
frequently present in carcinomas but not usually in normal tissues 
[Springer G.F. Science 224, 1198-1206 (1984)] (ovary, breast, lung), or 
di-Tn (a GalNAc-Ser/Thr) 2 . tri-Tn(a GalNac-Ser/riir) 3 or hexa- 
Tn(cxGalNAc-Ser/Thr) 6 . 

The epitope D of the conjugate according to the present invention 
_ may also originate from~c|Rsular bacterial" pol^a(xhartd«~oTr_fo7Z 
example. Neisseria meningitis . Haemophilus influenzae . Streptococcus 
pneumoniae, and of the Streptococcus group, with the exception of the 
sialylated polysaccharides. 

The polysaccharides are carbohydrate residues obtained by 
synthetic process. 
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The epitope B of the present conjugate may be also of fungal 
origin, such as for example, one isolated from the yeast Saccharomvces . 

The B epitope of the conjugate according to the present invention 
are preferentially tumor markers, such as, for example. Tn and V 
5 antigens. 

The preferred carbohydrate moiety forming the B epitope of the 
conjugate according to the present Invention may be" comprised ot a 
galactosyl residue, or a derivative thereof, being not sialylated. 

It can be selected from the group comprising Tn, di-Tn, tri-Tn, hexa- - 
10 Tn, or T* antigens. 

Thus in one of its preferred embodiment the invention relates to a 
carbohydrate peptide conjugate comprising : 

- at least 3 lysine residues covalently bound to each other. 

- at least one peptide comprising a T epitope bound to a lysine 
\i residue, and 

- at least one glycosidic residue, optionally substituted, covalently 
linked to the said peptide and forming epitope B with the proviso that 
said carbohydrate moiety is not a sialoside radical. 

In a related aspect of this embodiment the galactosyl residue is 

20 substituted by another glycosyl residue. 

In a i elated aspect, the conjugate of the present Invention 
comprises 3 lysine residues, at least 4 epitopes of the T type, which may 
be the same or different linked to the NH 2 ends of 2 of the lysine 
residues, and 4 u-galactosyl-Nacelyl-Serine residues. 

25 - The carboh ydrate moiety of the conjugate of the present invention "~ 
may further be grafted on the dendrimeric structure in combination with 
one or more tumor peptidic CDS" T cell epitopes recognized by tumor- 
specific cytotoxic T cells.. These peptidic CD8 + T ceil epitopes 
recognized as tumoral markers may be selected in the group consisting 

30 ot : 

MUC-1 peptides (pancreas, breast) 



rax £mis pax: 33 01 53 04 64 00 



HARLE * FXE&ZP le 27/03/39 10 : _44 A4 NORM Pg: 13/114 
17 



MAGE 1 and 3 (melanoma, lung) (T. Boon ct al. (1995), 
Immunology Today, vol. 16 n°7 ? pp 334-336) 
pme117/gp100 (melanoma) 
Tyrosinase (melanoma) 
5 BAGE (melanoma) 

GAGE (melanoma) 
LD-33-B (melanoma) 
CDK4 

p185 H£ * (breast, ovary) 
10 CEA 

MART1/Melan-A (melanoma) 

or selected in the group consisting of tumor antigens described in 
A. Van Pel et al. (1995) Immunological . Reviews n° 145, pp 229-250 or 
in P.G. Coulie (199b). Stem Cells. 13. pp 393-403. 
is As mentioned earlier, in the conjugate of the present invention a 

CD4* T epilupe is conjugated to a carbohydrate B epitope described 
above to elicit an efficient immune response- 
Such an epitope can comprise between almost 5 and 50 amino- 
acids. 

20 One such preferred T epitope is the CU4\ I epitope which is the 

synthetic peptide that corresponds to the 103-1 15 sequence of VP1 
protein from poliovirus type 1 or alternatively it may be a peptide 
comprising the CD4". T epitope selected from the group comprising: 

- fragments of the Tetanus toxin such as, for example: 

25 830-844 sequence of the tetanus toxin (QYIKANSKFIGITEL) - 

947-967 Sequence ~ of "the tetanus toxin 
(FNNrTVSFWLRVPKVSASHLE). 

- 1273-1284 sequence of the tetanus toxin (GQIGNDPNRDIL) 
These peptidic T epitopes typically bind to a plurality of MHC (Major 

30 Histocompatibility Complex) human and murine molecules of class II 
avoiding in consequence the restriction problems encountered with the 
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CD4",T cellular response, associated with the polymorphism of the MHC 
molecules existing between individuals. Moreover the use of tetanus 
toxin peptides should increase the immunogenicity of antigens present 
on the conjugate of the present invention, as a result of the vaccination 
5 of numerous individuals with the tetanus toxoTd. 

According to another embodiment of the invention, the conjugate 
comprises: 

at least one peptide comprising one T epitope, or several identical 
or different T epitopes, and 
10 at least one carbohydrate moiety,, or a derivative thereof, containing 

B epitope, provided it is not sialoside, or several identical of different 
epitopes. 

Said conjugate can be Tn3-T or Tn6T where T is any CD4* T 
epitope, such as the PV peplide, the lelanus luxin peptide ur PRADE 
is peptides epitopes. 

They can be obtained by peptidic synthesis; wherein a peptidic. 
bound Is created between the glycosylated serine, or threonine, arid the 
peptide T. 

Inventors have carried out the synthesis of linear glycopeptides that 
20 are described in table 3 of example 9, The synthesis of these linear 
glycopeptides was performed with Tn motifs associated to the Cn<T T 
cell epitope to the poliovirus (PV: KLFAVWKITYKDT). 

The Tn antigen was Introduced In 1,3 or six copies and was located 
either in the middle or at the^end of the peptides sequence ThR 
25 antigenicity and the immunogenicity of the resulting glycopeptides have 
been investigated and the results are presented in example 10. Since D- 
aminoacids are known to confer proteolytic stability, D-(Tna-PV 
glycopeptide has been synthetized in order to evaluate the effect of a D- 
aminoacid on the antigenicity and immunogenicity of this peptide (D- 
30 (Tn a ) represents three consecutive D-eerine ct-linked to a galNac 
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residue). The threonine was replaced in the 3-D-(Tn3) motif by D-scrinc, 
since its p-chiral center might confer additional structural problems. 

As detected by the results presented in example 10, the inventors 
have now shown that linear glycopeptides comprising both at least one 
s T-cell epitope and a I n antigen, a I w antigen or a I n antigen derivative, 
in one or multiple copios. are able to induce antibodies raised against the 
carbohydrate moiety. 

Consequently, the invention also concerns a linear carbohydrate 
peptide conjuguate comprising: 
iu - at least one peptide comprising one T epitope oi several identical 

or different T epitopes, and 

- at least one carbohydrate moiety, or derivative thereof, containing 
a B-epitope provided it is not a sialuside. 

In a first embodiment of the linear carbohydrate peptide conjuguate 
13 described above, the peptide and the carbohydrate moiety are directly 
covalently bound within the molecule. 

In a second embodiment of the linear narhohydrate peptide 
conjuguate of the invention, the peptide and the carbohydrate moiety are 
linked via a spacer. 

20 In a first aspect, the spacer consists of an aminoacid chain This 

aminoacid chain may have an aminoacid lenght of 1 to 5 aminoacids. 

In a second aspect, the spacer consists of a carbohydrate residue 
or of a chain of multiple carbohydrate residues. 

The spacer can be also an aliphatic chain (1 to 10 carbon atoms). 
7.s Most preferably, the*. carbohydrate -moiety— comprised -in - the- 

carbohydrate peptide conjugate described above is selected from the 
group consisting of 1 to G residues of a Tn antigen, or a Tn antigen 
derivative. 

These linear carbohydrate peptide conjuguates according to the 
so invention have been successfully used to induce a high level of 
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antibodies specific to the carbohydrate moiety, and particularly to the Tn 
carbohydrate moiety which mimic a tumoral cell antigen. 

Thus these linear carbohydrate peptide conjuguates can be used in 
immunotherapy methods against cancer. 

5 

As stated earlier the invention is also directed to a pharmaceutical 
composition comprising a conjugate according to the present invention. 
Such composition comprises an effective amount of the present 
conjugate for example in a pharmaceutical^ acceptable vehicle and may 

10 be of liquid or emulsion form, in the presence or not of an adjuvant 
(including aluminium hydroxyde and cytokines). The route of 
administration of the said composition may be any of usually used route 
(including intra-tumoral administration such as injection). The said 
immunogenic composition, comprising at least one carbohydrate peptide 

is conjugate, wherein said conjugate comprises various carbohydrate 
antigens can be used to induce a more efficient anti-tumour immunity 
against cancers. 

The amount of conjugate can be comprised between 10 ng and 1 

ng. 

?.a The present invention is also directed to a vaccine comprising a 

conjugate according to the present invention. 

A further object of the present invention is a method of enhancing 

the immune response of a human or animal body, notably the T- and / or 

B-cc!l mediated response, in particular against bacteria, wherein the 
25 - conjugate -of -the present-invention is administered to said human ui 

animal body ^ 

A still further object of the present invention relates to a method of 

inducing a 6-cell response in a human or animal body wherein al least 

one conjugate according to the invention is administered. 
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The invention also relates to a method of inducing a B-cell 
response in a host characterized in that in said host is administered at 
least one carhohydrate peptide conjugate comprising : 

at least 3 lysine residues covalently linked to one another. 
5 at least one peptide comprising a T epitope linked to a lysine 

residue, and 

at least one carbohydrate moiety optionally substituted, being not a 
sialoside. 

Another object of the present invention concerns a method of 
10 vaccination of a human or animal body wherein a conjugate according to 
the present invention is administered to said human or animal body. 

A still further object of the present invention is a diagnosis kit 
ujinpiibing antigen specific Antibodies elicited by immunization uf a 
human or animal body with a composition according to the present 
15 invention. 

Such antibodies are also considered as subjects of the present 
invention. They can be used in a method of diagnosis of cancer 
comprising bringing into contact at least one of these antibodies with a 
biological sample and determining the formation of complexes between 

20 this antihody and molecules comprised in this sample. 

The inventors have now also demonstrated that the saccharide 
moiety of the glycopeptides according to the invention is endowed with 
an adjuvant biological activity. I his surprising property permits both an 
enhancement of the immunological response towards the antigen(s) 

25 included within the structure of the glycopeptide and a targeting of said 

~~ glycopeptide TcTthe suitahle^anfigen presenting cells (APC), and more 
particularly to the macrophages, the dendritic cells as well as the B cells. 
A limited number of cells, such as dendritic cells (DC), 
monocytes/macrophages (MP) or R lymphocytes, express MHC class II 

30 molecules and are able to act as professional antigen presenting cells 
(APC) to stimulate CD4* T cell response. This process needs that APC 
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internalize antigenic molecules, such as protein or polypeptides, which 
after mild proteolytic degradation leads to the expression of MHC class II 
molecules carrying peptides resulting from the enzymatic degradation of 
the antigen. When APC are fed with glycopeptides or dendrimeric 
5 multiple antigenic glycopeptides containing the N-acetyl D- 
Galactosamine (GalNac) saccharidic moiety, we observed an 
enhancement of the T cell response specific for the peptide, as 
measured by the stimulation of a specific T cell hybridoma. The 
consequence of this increase in the T cell response is that the amount of 
io antigenic molecules used to feed APC in order to stimulate T cells is 
decreased by 10-to 10000 fold (depending on the number of the GalNAc 
saccharidic moieties) compared to the same antigenic, structure devoid of 
GalNac. This phenomenon was observed with different professional 
APC. such as in vitro differentiated DC, activated MP or activated B cells. 
15 but not with non-professional APC, such as a fibroblast L cell line 
transfected with the appropriate MHC class II molecules. This indicates 
that there exists a cell type selectivity of the observed increased of T cell 
stimulation associated with the GalNac moiety. One hypothesis would he 
that piofessional APC endocytose GalNAc-antigens much more 
?o efficiently because they express a receptor for GalNAc or galactosyl 
derivatives. Effectively, a 100 fold increase of T cell stimulation was 
already reported when APC are pulsed with mannosylated antigen due 
to mannnse receptor mediated endocytosis of antigen. 

The results of example 1t with the « Tn-CD4* T-cell epitope » 
2; coniuguates have established that -Tn antigen consists of a targeting -- 
device for improving CD4 "immune responses. 

Thus, the conjugation of Tn epitope (s) to peptide or protein 
antigen can cause a selective targeting and a subsequent enhanced 
presentation by the antigen presenting cells (APC) which is strongly 
30 expected to result in better antigen specific immune response. 
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Thus, the invention also concerns a method for enhancing a T- 
CD4" immune response against an antigen within a human or animal 
body, wherein anyone of the conjuguate according to the invention 
disclosed above is administered to said human or animal body. 
5 In this specific embodiment of the invention, the Tn antigen is 

selected in the group consisting of a-GalNAc f a-GalNAc-Ser, a-Ga!NAc- 
Thr. p-GalNAc , p-GalNAc-Ser and p-GalNAc-Thr as well as the Tn 
derivatives, as represented in figure 16. 

In a typical embodiment, the carbohydrate peptide conjuguate 
10 used in the above method for enhancing a T-CD4* immune response 
against the antigen is a MAG construct as represented in table 4 and in 
figure 17a. 

In another typical embodiment, the carbohydrate peptide 
conjuguate can also be a linear construct or other type of multimers as 
15 represented in figure 17b. 

In a still further embodiment, the adluvant properties of the 
carbohydrate moiety of a conjugate according to the invention allows the 
use of said conjugate to prime efficiently a cytotoxic T cell response 
because they provide an efficient T cell help. 
20 hor the same reason^ a conjugate according to the invention may 

also be used tu pulse dendritic cells in vitro to prime antigen-specific 
CO<T and CDS" T cells in vivo and to induce protective immunity. 

In the specific embodiment described above, a carbohydrate 
peptide conjugate accuiding to* the invention is administered in 
25 combination with at least one pe ptide comp rising^^ytoioxic T cell (GTL) 
epitope. 

Alternatively, one or seveial peptides comprising at least one 
cytotoxic T cell (CTI ) epitope are included within the structure of the 
conjugate. 

30 Consequently, the invention also concerns an immunogenic 

composition comprising a carbohydrate peptide conjugate, such as 
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defined therein, in combination with a peptide comprising at least one 
CTL epitope. 

A further object of the invention consists of a carbohydrate peptide 
conjugate comprising; 
< - at least one peptide comprising one T epitope or several 

identical or different T epitopes, wherein at least one T epitope consists 
of a cytotoxic T cell (CTL) epitope. 

The invention also concerns a method for priming a cytotoxic T 
cell response in a human or animal body, wherein such a conjugate 
io comprising at least one CTL epitopels administered to said human or 
animal body. 

The invention further deals with a method for priming a cytotoxic T 
cell response in a human or animal body, wherein an immunogenic 
composition containing a carbohydrate peptide conjugate of the 
15 invention in combination with a peptide comprising at least one CTL 
epitope is administered to said human or animal body. 

The CD4 + T cell epitopes used might be selected from the 
peptides described hereunder: 

20 Peptides 

a. CD4 + T cell epitope used in MAG 

PV (poliovirus) sequence 103-115 : KLFAVWKITYKDT 

- M5 : NGKLIAYPIAVEALS 

b. Example of "Universal" C04 + Tcell epitopes 

25 - T T (t etanus toxin) deriv ed T cell cell epitope such as sequence 

" 830-844 -:~ QYIKANSKCIGtTEL- (Panina Bordignon, et al. f 1989, 

Reece, et aL, 1993) 

- PADRC (Pan DR T Helper epitope) : aKXVAAWTLKAAa (a - D- 
Ala, X = L-cyclohexyl-Ala) (Alexander, et al., 1994) 

30 c. Example of Tumor-associated CD4 + T cell epitope 
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- E7 p20-29 : TDLYGYEQLN. E7 p45-54 : AEPDRAHYNI. E7 p60-79 
: KCDSTLRLCVQSTHVIRTL, E7 p85-94 : GTLGIVCPIC (Comerford, 
et al.. 1991) 

- ras p5-l 7 : KLVWGARGVGKS (Peace, et al.,) 

5 . - neu p42-56 : HLDMLRHLYQGCQW, neu p783-797 : 
SRLLGICLTSTVULV (UlSIS. et al. 1994) 

- MAGE-3121-134 : LLKYRAREPVTKAE (Chaux, et al.. 1999) 

I he present invention will now be illustrated in more details by the 
io following examples and should not be intended to be limited thereto. 
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EXAMPLES 
EXAMPLE 1 : 

Synthesis of the glycoconjugate according to the invention 

5 | he strategy for the construction of the MAG conjugate first 

involved the synthesis of the Tn antigen which represents the 8 cell 
epitope. This glycosidic tumor marker was then conjugated to a poly- 
lysine core (M) in association with the peptidic CD4 + , T cell epitope, 
giving the lull conduction B4-T4-M. In addition, the reference 

io compounds which are necessary for the immunological tests were 
synthetized (B, T, B T, B4 M, T4 M t M). 

The synthesis of the Tn antigen 2 (Figure 2) was performed by 
classical methods (Ref. 19. Ref. 20) starting from tri-O-acetyl-D-galacta! 
(Shafizadch ct al. (1989)). N (Fiuorenylmcthoxycarbonyl)-L-scrinc tcrt- 

15 butyl ester (Vowinkel et al. (1967), Schultz et al. (1993)) was used for the 
Koenigs-Knorr reaction with 3,4,6-tri-0-acetyl-2-azido-2-deoxy-b-D- 
galactopyranosyl chloride {Lemieux et al. (1979), Ferrari et al. (1980)), 
giving the protected derivative .1 . The final deprotectlon of acetyl and of 
the f-butyl ester afforded Tn antigen 2 appropriately protected for the 

20 peptide synthesis. 

B4-T4-M 4 was assembled by the conventional solid-phase peptide 
methodology (Bay et al. (1997)) using the Fmoc chemistry which is 
compatible with the glycopeplide synthesis. Aftei attachment of the p- 
alanyl sparer nn the Wang resin, the lysine core was constructed by 

25 - coupling successively two jg^ls "of FmocLys(Fmoc)OH l -.providing._four 
amino groups (Tarn et aL (1988)). The lysine core was further elongated 
by the appropriately protected amino acids of the poliovims 
(KLrAVWKITYKDT) T epitope sequence, four copies of the same amino 
acid being sequentially added. Ultimately 2 was Incorporated to the 

30 dendrimeric peptide as a building block. 
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Of interest was the incorporation of the Tn antigen derivative 2 
which could be achieved with the fully deprulected sugar. This is very 
advantageous since it avoids the eventual side reactions (racemi7atinn 
and/or p-climination) associated with the final deacetylation of the sugar 
5 residue. A few examples of the use of unprotected glycosidic units have 
already been reported (Filira(1990)) (Reimer et aL (1993)). After 
completion of the synthesis, the MAG 4 was released from the resinwith 
aqueous trifluoroacetic acid (95%) and the peptide side-chains were 
simultaneously deprotected. No glycosidic cleavage is usually observed 
io . over a reaction time of 1.5 hours (Paulsen et aL (1908), Jansson et al. 
(1990). Peters et al. (1992)). A similar procedure was followed for the 
reference compounds. AH the peptides and glycopeptides were 
characterized by amino acid analysis and electrospray mass 
spectrometry. 

15 

General methods; : 

For the synthesis of 2, reagents were purchased from Aldrich or 
Sigma. All The solvents were high grade and dr/. CH2CI2 was distilled 

20 over P2O5 and toluene over sodium with benzophenone, before use. For 
the peptide synthesis, Fmuc-piolected amino acid detivalives arid Wang 
resin were obtained from Bachem or Novabiochem. The side chain of 
the aminoecids were protected by a /-butyl group except for tryptophan 
and the lysine residues of the T-epitope which were protected by a t- 

25 butyioxycarboriyl J[Boc) ^oupT~DMF~and acetonitrile for HPLC were 
purchased from Merck. The final compounds were purified by reverse 
phase high performance chromatography (HPLC) using a Perkin-Elmer 
pump system with a UV detector (230 or 280 nm). A column (250 x 10 
mm) of Nucleosil C18 (5 mm r 300 A) was used and the products were 

?0 eluted with a gradient of MeCN / 0.1% trifluoroacetic acid buffer during 
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20 min (flow rate 6 ml/mln). N MR spectra (300.134 MHz/ 3- 
(trimethylsilyl)propionic add sodium salt as standard for spectra in D2O) 
were lecuided on a Bruker instrument. Mass spectra were measured by 
fast atom bombardment or hy electrospray. Amino acid analyses were 
5 obtained using a Bcckman 6300 analyser, after hydrolysis of the 
peptides with 6 N HCI (0.2% phenol was added when the peptide 
contains a tyrosine residue) at 1 10° in sealed glass tubes for 20 h. 

Solid phase synthesis, general procedure : 

10 

The solid phase peptide and glycopeptlde syntheses were 
performed manually using the standard Fmoc chemistry protocol (Bay et 
al. (1997)) on a polystyrene resin functionalized with p-benzyloxybenzyl 
alcohol (Wang resin). With the exception of the C-termlnal p-alanlne 

15 residue, the Na-Fmoc amino acids (carrying standard side-chain 
pioteclive groups) and the glycosylated building block 2 (3 equiv.) were 
incorporated to the peptide chain using TBTU as an activating agent and 
DMF as solvent. All the couplings were monitored by the Kaiser test 
(Kaiser et a!. (1980)) and usually completed within 1 h. All Fmoc 

70 cleavages were carried out by treatment of the resin with 70% piperidine 
in DMF. Following each deprotcction. the rosin was successively washed 
with DMF, CH2CI2. DMF. At the end of the synthesis, the resin was 
extensively washed with DMF an$£ CH2CI2, dried, and treated with an 
aqueous I FA solution for 2h, After filtration of the resin, the solution was 

25 concentrated ~a"rid the crud^roduct precipitated with diethyl ether. The 
piuuipiltilc was filtered, dissolved in water and lyophilised. Peptides were 
purified on reverse phase HHLC (the elution conditions are indicated 
below, for each compound) and characterized by amino acid analyses 
and tHeclrospiay mass spectrometry. 
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Ncx-(Fluoren-9-ylmethoxycarbony!)-3-0-(2-acetamido-2-dcoxy-a-' 
D-galactopyranosyl)-L-serine 2 ; 

Na-(Fluoren-9-ylmethoxycarhony))-3^ 
acetyl-2-deoxy-a-D-gafactopyranosyl)-L-serine ferf-butyl ester 1 was 
5 prepared as previously described (Lemieux et al. (1979). Ferrari et 
al.(1980)) by glycosylate of Na-(Fluoren-9-ylmethoxycarbonyl).L-serine 
te/t-butyf ester (Vowimkel et al. (1967) Schultz et al. (1993)) with 3.4.6- 
tri-0-acety!-2-azido-2-deoxy.p-D-galactopyranosyl chloride (obtained 
from tri-O-acetyl-D-galactal) (Shafizadseh et al. (1963)) using AgOTf as 

10 catalysts, followed by the reduction and acetylation of the 2-position 
(Paulsen et al,(1982)}. The f-butyl ester of 1 (2 g, 2.8 mmol) was then 
deprotected in formic acid (76 ml) (Paulsen et al. (1989)). The solution 
was stirred for 10 h and evaporated. The residue was dissolved in MeOH 
(200 ml) and the acetyl groups of the sugar moiety were removed by 

1 5 adding, dropwise. a solution of 1% MeONa (pH 11) (Melnjohanns et al. 
(1995)). After 15 h, the medium was neutralized by a Dowex 50WX8 
(H + ) resin and the final product 2 purified on a reverse phase column 
(C18) using a gradient of water / MeCNI : 1.27 g (yield 79%). 

20 Reference compounds : 

M : The MAG syntheses require a low substitution of the resin. 
The preformed symetrical anhydride of Na-Fmoc pAla-OH (0.25 mmol) 

(Walker el al. (1994)) was reacted with the Wang resin (1_g f .0.96 

2* " mmol/g) for 1 h, yielding , a^fijnctionah>ation of approximatively 0.12 

mrnol/g as estimated by UV analysis of a resin sample (Meienhofer et al, 
(1979)). After acetylation of the residual hydroxyl groups by AC20 In 
DMF, the lysine core was assembled by sequential couplings of 0.48 and 
0.96 mmol of Nu-Fmoc-Lys-(Fmoc)-OH. The cleavage of the peptide 
50 from the resin was carried out by TFA/water (95/5, 16 ml). The 
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purification of the crude product by HPLC (gradient from 0% to 25%. 7.2 
min retention time) gave M (94 mg). 1H-NMR (D 2 0), d. 4.24, 4.03. 3.93 
(3 CH a Lys). 3.54. 3.42 (CH 2 -NH h-Ala), 3.22. 3 (CH 2 e Lys). 2.62 
(CW 2 -COOH b-Ala), 1.97-1.85 (2 CH 2 b Lys). 1.78-165 (2 CH 2 d, CH? b 
5 Lys), 1 .58-1 .3 (3 CH 2 g. CH 2 d Lys) ; ESMS : 473.2 (Calcd. 473.33). 

T : The synthesis of the T epitope has been performed on 0.21 g 
of resin (0.15 mmol) by the general procedure. Cleavage of the resin- 
bound peptide (TFA/water/ethanedithiol ; 95/2.5/2.5, 45 ml) and 
purification by HPLC (gradient from 0% to 65%. 12.6 min retention time) 
io afforded T (31 mg). FAB MS : [M+H] + 1613 (Calcd. 1611.9). Amino acid 
analysis : Ala 1.16 (1). Asp 1.03 (1). lie 0.96 (1). Leu 1.01 (1). Lys 2.92 
(3). Phe1 (1), Thr 1.84 (2). Tyr 0.99(1 ). Val 0.94(1). 

B-T : Further elongation of the T peptide chain (0.22 g resin, 0.14 
mmol. synthesized as above) was achieved with l as a building block, 
is The glycopeptide was released from the resin (TFA/water/ethanedithiol : 
95/2.5/2.5. 50 ml) and the crude product purified by HPLC (gradient from 
10% to 60%. 11.2 min retention time) yielding B-T (63 mg). ESMS : 1903 
(Calcd. 1903.22). Amino acid analysis : Ala 1 (1), Asp 1.05 (1). lie 1.0 
(1). Leu 1.0G (1). Lys 3.12 (3). Phe 1.05 (1). Ser 0.94 (1), Thr 1.97 (2). 
20 Tyr 1.06 (1). Val 1.0 (1). 

B4-M : 2 was conjugated to the poly lysine core (M) synthesized 
as described above (0.83 g resin. 0.1 mmol). After cleavage of the 
glycopeptide from the resin (TFA/water : 95/5. 25 ml), and purification by 
HPLC (gradient from 0% to 10%, 10.2 min rete ntion time). B4-M was 
obtained (36 rng). ESMS : 1@33.9 (CalcxL 1633:78)T7^miho"acid^aWis — 
: Lys 3 (3), Ser 4.06 (4). 

14-M : The lysine core M (0.25 g resin. 0.03 mmol. synthesized as 
above) was further elongated by the T epitope sequence. The cleavage 
of the peptide from the resin (TFA/water/ethanedithiol : 95/2.5/2.5. 25 ml) 
30 and its purification by HPLC (gradient from 12% to 45%. 16.5 min 
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retention time) gave 14-M (67 mg). tfSMS : 6852.08 (Calcd. 6853.35). 
Amino acid analysis : Ala 4 (4), Asp 4.4 (4), lie 4 (4), Leu 4.1 (4). Lya 
1 5.8 (15), Phe 4 (4). The 8.2 (8). Tyr 4.3 (4), Val 3.8 (4). 

5 Multiple Antigen Glvcopoptidc B4-T4-M : 

The synthesis of B4-T4-M was achieved by ultimately coupling 2 
to T4 M (0.26 g rccin. 0.03 mmol) which woe obtained 03 deocribed 
above. Cleavage of the glycopeptlde was accomplished with 

10 TFA/water/ethanedithiol (95/2.5/2.5. 30 ml). After purification by HPLC 
(gradient from 10% to 65%. 11.9 min retention time), the target 
glycopeptlde was obtained (25 mg). ES MS : 8014.09 (Calcd. 8014.45). 
Amino acid analysis : Ala 4 (4), Asp 4.78 (4), He 4.09 (4). Leu 4.15 (4), 
Lys 16.31 (15). Phe 4 (4), Ser 3.81 (4), Thr 8.58 (8), Tyr 4.5 (4), Val 3.63 

IS (4). 

EXAMPLE 2 

Immunological results : Antinan jcitv and Immunogenics of T.CD4* 
epitope and of Tn antigen within the qlvcoeoniuqatc MAG according 
20 to the invention 

Materials and methods ; 
Mice 

Six to eight week-old female inbred mice were used in all 

•23 ^experiments. BALB/c rniue were -from Iffa Credo (L'Abresle, France). 

— rp\J£-->.— — -i-y— : 

Antigen presentation aaeav ; 



30 



For the dose response assays, 10 s T cell hybridomas 45G10 
(specific for 103-115 poliovirus peptide) per well were cultured with 10 5 
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A20 cells (ATCC, TIB-208 Rockville. MD) with different antigen doses for 
24 h in RPMI 1640 medium supplemented with 10 % Fetal calf serum, 
antibiotics 2 rnM l-glutamine, 5 x 10** M 2-mercaptoethanol. After 24 h. 
supematants were frozen for at least 2h at -70 °C 10* cells / well of the 
5 IL-2 dependent CTL cell line was cultured with 100 pi aliquot supernatant 
In 0,2 ml final volume. Two days later, fh] thymidine (0.3 pCr/wel! : AS = 
1Ci/mmol) was added and the cells were harvested 18 h later with an 
automated cell harvester. Incorporated thymidine was detected by 
scintillation counting. 

10 

T-call proliferation assay ; 

Mice were immunized subcutaneously with 10 pg of T, B-T, T4- 
MAP r B4-MAP or B4-T4-MAP compounds emulsified in complete 

15 Freunds adjuvant. I en days later, lymph node (LN) cells were removed 
and single cell suspensions were prepared and cultured in HL-1 medium 
(Hycur) supplemented with 2 rnM L-glulamine. 10 6 LN cells / well were 
plated onto 96 wells microtiter plates (TPP. Trasadingen. Switzerland) 
with 10 pg / ml of the indicated antigen or medium alone. After 3 days at 

20 37 X. cells were pulsed for 18 h with 3 H-TdR (NEN, Boston, MA) and 
then harvested onto fiber glass filters (Wallac Oy, Turku, Finland) with an 
automated cell harvester. Incorporated radioactivity was measured by 
scintillation counting. Results were expressed as mean of cpm from 
duplicate or triplicate culture wells. Standard deviations were less than 

25 15 % of the moan. -— - ......... 

ELISA tests : 

Uesialylated OSM was prepared as described in a previous 
50 publication (Tettamanti et al. (1968), Osinaga et al. (1996)) and was 
kindely given by Dr A. Babino. 
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a-CalNAc-Ser(referred to as 3 below in the synthesis section) was 
covalently linked to ovalbumin (Sigma. St Louis. MO) using 
glutaraldehyde (Sigma) according to a known procedure (Leclerc et al. 
(1995)). 

96-well microliter plates (Nunc. Roskilde. Denmark) were coated 
with 10 ug per ml of the different antigens in 50 mM carbonate buffer pH 
9.G and incubated overnight at 4«C for d-OSM, ovalbumin and Ova-Tn 
glycoconjugate. or at 3rc for peptides and MAG constructs. After 
washing with PBS containing 0.1 % tween 20, the 83D1 (IgM) or the 
MLS128 (IgG) anti-Tn mAbs were diluted in buffer (PBS plus 0.1 % 
Tween 20. 1 % BSA) and plated respectively at 2.5ug/ml and 40ug/ml for 
1 hour at 37°C. Following three washes, welle were treated for 1 hour at 
37X wilt, goal anii-muuse IgM oi anli-IgG peroxydase conjugate 
(Sigma. St. Louis. Mo) and 0-phenylenediamine/H202 was then added 
13 as substrate. Plates were read photometrically at 492 nm in an ELI 3 A 
auto-reader (Dynatech. Marnes la Coquette, France). 

Analysis of antibody response . 



10 



20 



25 " 
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BALE/c mice (5 per group) were immunized intraperitoncally with 
20 ug of T. B-T. T4-MAP, B4-MAP or B4-T4-MAP compound in 
aluminium hydroxyde (alum) on days 0. 20. 42 and 63. Mice were bled 
10 days after each immunization and collected sera were individually 
tested for anti-Tn antibodies by ELISA as described above using d-OSM 
coated plates. Sera were serially diluted and I tested for anti-Tn IgM and - 
IgG content. The negative control consists of naive mouse sera diluted 
100-fold. ELISA antibody titers were determined by linear regression 
analysis plotting dilution versus absorbance at 492 nm. The titers were 
calculated to be the Log10 highest dilution which gave twice the 
absorbance of normal sera diluted 1/100. Titers were given as the 
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arithmetic mean ± S.D. of the Log10 titers. Statistical analysis was 
performed by Student's f test. P values less than 0,05 were considered 
significant. 

5 1) In vitro antigenicity of B4-T4-M 

In vitro recognition of the B4-T4-M by a T hybridoma specific for the 
poliovirus 103-1 15 epitope T was assayed in the presence of lymphoma 
B. A?0. as antig<=n presenting cfill 
io Figure 4a illustrates the stimulation of a T hybridoma specific for the 

poliovirus peptide 103-115 T with different compounds containing this 
peptide : 

10 s lymphoma B.A20 (H-2 d ) cells incubated at 37 °C. in the 
presence of different concentrations of B, T. B-T. B4-MAP. T4-MAP and 
15 B4-T4-MAP were used for stimulating 10 s cells of T.45G10 hybridoma 
(R. Lo-Man et al. (1994), 152: 5660-5669) specific for poliovirus 103-1 15 
peptide and restricted by i-A d molecules. After 24 h. the culture 
supernatants were sampled then IL-2 was assayed by the measure of 
the proliferation of IL-2 dependant CTL line. After three days of culture, 

20 the proliferation of C'lL cells was measured by tritiated thymidine 
incorporation. The results are expressed in cpm. 

As can be seen on Figure 4a, the B4-T4-MAP compound highly 
stimulates the IL-2 production by the I hybridoma specific for the I 
epitope. Compared to the other compounds T, B-T. T4-MAP also 

21 containing epitope T, lhe_ .aiitigenicny.oLthe_cotijugate or the present — 

invention, compound B4-T&MAP. is~T00 to iOOOlimes higher. The B" 

and B4-MAP compounds which are free of poliovirus epitope T do not 
stimulate the T hybridoma. 

Then the in vivo T immunogenicity of the epitope T of the present 
30 invention conjugate, B4-T4-MAP, was assayed in BALB/c mice. After the 
immunization of mice with the B4-T4-MAP, or with a control compound 
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(T, B-T, B4-MAP, T4-MAP), the proliferation of lymph node cefls was 
measured in vitro after restimulation with compounds containing T 
epitope alone or in combination with B epitope (T and B-T compounds). 
The Figure 4b illustrates the induction of a proliferative response 
5 specific for 103-115 peptide (T compound) after immunization of BALB/c 
mice with the B4-T4-MAP compound according to the present invention. 
BALB/c (H-2 d ) mice were Immunized subcutaneously with 10 ug of "I . b- 
T, B4-MAP, T4-MAP and B4-T4-MAP in the presence of complete 
Freund adjuvant. Ten days later, draining lymph node cells were cultured 
lo in the presence of the medium alone of were resTimulated in vitro with 10 
pg / ml of e compound containing the 103-115 epitope (compound T or 
B-T). Four days later, the proliferation of LN cells was measured by 
incorporation of tritiated thymidine. The results were expressed in cpm. 
As can be seen on Figure 4b, the MAPs, B4-T4-MAP and T4-MAP 
1 3 compounds, as well as the T and B-T compounds containing the T 
epitope, induce in vivo a proliferative T response specific for this T 
epitope. The specificity of the T response observed is demonstrated by 
the absence of proliferation of T ceils originating from mice immunized 
with B4-MAP compound which is tree of T epitope, after restimulating 
20 with T or B-T compounds. 

Thus il was pussible to show through the analysis of the T 
immunogenicity of the conjugate according to the present invention (the 
B4-T4 MAP compound) that the poliovirus T epitope present in this 
compound is able to stimulate bottfin vitro and in vivo T-cells specific for 
OS — this T epitope Moreover a large increase in antigenicity of thfi T epitope 

. _ N_ - - 

is observed when the latter is combined to the carbohydrate epitope 
within the B4-T4-MAP structure. 
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2) Antigenicity of the MAG structure 

2.1 To assess the antigenicity of the Tn antigen in the 
glycoconjugate MAG system according to the invention, we have used 
s two different well-characterized monoclonal antibodies (mAbs) which 
recognize the Tn antigen. Figure 3 shows the binding ability of the anti- 
Tn 83 04 (IgM) (Panclno et al. (1990)) and MLS 128 (IgG) (Numata et al. 
(1990)) monoclonal antibodies to the different MAG constructs using an 
ELISA assay. This binding is compared to the binding obtained with the 
io I n antigen 3. conjugated to a protein carrier (ovalbumin). 

Fully synthetic multiple antigenic glycopeptides allow to a certain 
degree the rejection of an implanted tumour bearing aberrant 
glycosylates. However, to induce more efficient anti-tumour immunity 
against cancers, the development of such immunogens should not focus 
15 on a single carbohydrate antigen but must combine various carbohydrate 
targets for antibodies. The use of a given Th cell epitope in conjunction 
with carbohydrates is o prerequisite for eliciting strong antibody 
responses, but it may limit its efficacy considering the MHC 
polymorphism observed in the human population. To avoid this 
20 drawback. MAG structures have to include several T cell epitopes with a 
particular focus an promiscuous MHC binding sequences, such as those 
described for tetanus tnxin (Panina-Rordignon et al. (1989). Reece et al 
(1993)) for which human individuals are already primed (Etlinger et al. 
(1990)). Integration of CTL epitopes Into MAG structures, such as MUC- 
1 derived peptides (Goydos et al. (1996)) for epithelial cancers, can also - 
be easily achieved to Widen the spectrum of the anti-tumour immune 
response. Here, we have privileged the use of a mild adjuvant, alum, 
which is authorised in healthy human populations, showing that strong 
adjuvants are not required to induce anti-carbohydrate specific immune 
30 responses by the MAG strategy. This latter point may be of major 
importance in extending the use of this strategy to bacterial 



--25 
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oligosaccharides (Chong et al. (1997)) for vaccinating a healthy 
population. 

It can be seen that the B4-T4-M system of the Invention as well as 
the desialylated OSM or the ovalbumin-Tn (Ova-Tn) conjugate were 
5 efficiently recognized by both of the mAba, 83 D4 and MLS 128, whereas 
M, B4-M, T4-M. B-T (in the last case, only one mAb was tested) and 
ovalbumin itself were not. The d-OSM fragment recognized by MLS 128 
monoclonal antibody was shown to contain three consecutive a-GalNAc- 
Ser/Thr residues (Nakach et al. (1991)) which might indicate that B4-T4- 
io M but not B4-M is able to mimic the repeated glycosylated serine unit. 

These results demonstrate that the D4-T4-M construct according to 
the invention can correctly present the Tn antigen. 

2.2 Another study of the immunogenicity in mice of Tn-MAG 
conjugates of the invention was first carried on BALB/c mice which were 
15 immunized several times with said Tn-MAG conjugates or with the 
control compounds B-T, B4-MAP or T4-MAP. in the presence of 
aluminium hydroxyde (alum). Detection of IgM (fig.GaA) and IgG (fig.5aB) 
antibodies specific for Tn antigen was earned out by LLISA. measuring 
the recognition of the d-OSM. 
20 As can be seen on Figures 5a and 5b, after two immunisations wild 

the B4-T4-MAP compound according to the invention. IgM antibodies 
specific for the Tn antigen were induced in BALB/c mice, unlike 
compounds B-T. B4-MAP or T4-MAP which were unable to induce anti- 
Tn antibodies. The amount of anti-Tn IgM induced with B4-T4-MAP 
25 remained unchanged "oftergg'tto^^ 

BALB/c mice it appeared that the antibody response to Tn induced by 
FU-T4-MAP was characterized by the presence of IgM antibodies and 
the absence of IgG antibodies. 

2.3 A further study of induction of anti-Tn antibodies under the 
same conditions was conducted on another strain of mice of H2 a 
haplotypc (responding to the T epitope) namely SLJ/J mice, and resulted 
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in the induction of both class IgM and IgG antibodies to Tn (Fig. 5b). 
Thus, the B4-T4-MAP (Tn-MAG) compound of the present invention was 
capable of inducing antibodies to Tn belonging to different isotypes, the 
reason why there exist differences in the anti-Tn antibody class 

5 depending on the tasted mouse strain is still under study. 

The CD4 + T-ccll dependency of the Tn-MAG compound B 
immunogenicity was also studied. As stated above, BALB/c mice are 
responsive to the poliovirus T epitope and generate antibodies to Tn. In 
order to determine the T-dependency of the production of anti-Tn 

10 antibodies, we assayed for their capacity to produce antibodies to Tn 
another mouse strain responsive to poliovirus epitope T, namely the 
SLJ/J strain, and a non responsive to poliovirus epitope T strain, namely 
the DBA/1 strain. 

Figures 5b and 5c show that immunization with the Tn-MAG 

\5 compound, according to the present invention, of SJL/J (5b) and DDA/1 
(5c) mice resulted in the production of anti-Tn antibodies in the SLJ/J 
strain only, which is responsive to the poliovirus T epitope. These data 
demonstrate that the CD4",T epitope present in the Tn-MAG compound 
of the present invention is necessary to the production of antibodies 

20 toTn. 

2.4 We further studied the induction of anti-peptide antibodies using 
the Tn-MAG compound of the present invention. 

As stated above the conjugate of the present invention {Tn-MAG 
compound) contains four copies of the 103-115 sequence of VP1 protein 

is ~'~ of poliov^ Tn antigen. 

Wc hove tested in mice the ability of the Tn-MAG compound to induce 
antibodies specific fui the T peptide. As shown in Figure 6, immunization 
of BALB/c mice with the Tn-MAG of the present invention induced a 
strong IgG response specific for the T peptide (103 115), whereas the 

;io T4-M compound lacking the carbohydrate Tn antigen, as well as the B4- 
M compound containing only the Tn antigen, were unable to elicit an 
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anti-T peptide antibody response. Therefore, the presence of the 
carbohydrate moiety in the conjugate Tn-MAG of the present invention, 
results in a strong potentiating effect on the induction of anti-pcptidc 
antibodies against the peptidic poliovirus contained in the MAG 
s compound. These data suggest that such a carhohydrate peptide 
conjugate can be used to promote anti-pcptidc response generally in 
MAP synthetic compounds containing pathogen derived peptidic 
sequences. 

10 EXAMPLE 3: 

Protection Induced with the conjugate of the present Invention 
(Tn-MAG compound) against murine adenocarcinoma TA3/Ha 
expressing Tn antigen in challenge injected BALB/c mice 

15 

In order to test the efficiency of the anti-Tn B response induced in 
mice with the MAC compound, a challenge injection was carried out in 
vaccinated mice. 1000 cells per mouse of the murine adenocarcinoma 
cell, TA3/Ha (P.Y.S. Fung et al. (1990) Cancer Research, 50: 4308- 

20 4314), expressing Tn antigen, were intraperitoneally administered to 
BALB/c mice having received 4 injections of The B4-M or Tn-MAG 
compounds. The Figure 7 is a graph illustrating the mortality versus the 
number of days after tumor challenge. BALB/c mice were immunized at 
days 0. 21. 42 and 100 with 20 pg of B4-M or Tn-MAG compound in the 

-25 — presence of alum. 15 days afier.Jhe mice received a challenge injection 
of 1000 TA3/Ha adenocarcinoma cells. The mortality was followed during 
a period of 50 days. As can be seen in Figure 7, 70 % only ot the mice 
survived when these wero immunized with B4-M compound which does 
nol allow lo induce an antibody to Tn. On the contrary, 100 % of the mice 

30 having received tour injections ot the conjugate of the present invention 
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survived at DfiO after the tumor challenge. These data show that the 
antibodies induced with Tn compound of the present invention result in 
improving the mice survival after a tumor challenge causing a moderate 
lethality. 

5 

EXAMPLE 4 

Recognition of a human adenocarcinoma by antibodies 
originating from a serum of a mouse immunized wllh the conjugate 
of the present invention (Tn-MAG compound) 

io 

In order to evaluate the possible human applications of the 
conjugate of the present invention, the sera of mice having received the 
latter were assayed for their ability to recognize a human tumor cell. For 
this purpose, we used the LS180 cell (ATCC CL-18/0 which a 

is adenocarcinoma derived from a patient having developped a colon 
cancer. A flow cytometry analysis of the recognition of LS180 cell by a 
serum originating from a 5LJ/J mouse having received three injections of 
the present conjugate (Tn-MAG) show that the induced anti-Tn 
antibodies are capable of recognizing Tn antigen at the surface of LS180 

20 cells. 



EXAMPLE 5: 

Antigenicity of the Tn antigen and the T-cell epitope Included 
into the MAG conjugates of the invention. 



Syntheses: 

The Tn antigens (a-GalNAc-Ser-Thr) were synthesized by classical 
methods (Lemieux et al. (1979), Ferrari et al.(1980)). Syntheses of the 
MAG:Tn-PV, MAP:PV, Tn-PV, and PV were performed by the solid 
jo phase methodology using the FMOC chem Istry as described previously 
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(Bay et al. (1997)). After attachment of the P-alanyl spacer to the Wang 
resin, the lysine core was assembled by coupling successively two levels 
of FMOC-Lys-(FMOC)OH t providing four amino groups. The lysine core 
was further elongated by the protected amino adds of the T-epitope 

5 sequence of the poliovirus (KIFAVWKITYKDT) to produce the MAP:nv. 
Ultimately, the a-GalNAc-Ser was incorporated to the four branches 
peptide which gave the MAG:Tn-PV construct after deprotection and 
cleavage from the resin, as reported previously (Bay et al. (1997)). All of 
the final constructs were purified by reverse-phase high-performance 

10 liquid chromatography and were characterized by amino acid analysis 
and electrospray mass spectrometry. The Tri3-TT glycopeptide [Ser(a- 
G a I N Ac)-Th r(a-Ga I N Ac)- Thr(u-GalNAc)-QYIKANSKFIGITEL) was 
prepared by incorporation, step by step, of the appropriate peracetyl- 
glycosylated FMOC-Ser Thr in the peptide sequence using 2-(1H- 

15 benzotriazofe-1-yP)-1,1,3,3 tetramethyluronium tetrafluoroborate/N- 
hydroxybenzotriazole (TBTU/HODT) as the coupling reagent. 
Deacetylation of the sugar residue of the glycopeptide was achieved with 
a catalytic amount of sodium methoxide in methanol at pH 11. The crude 
product was purified by high-performance liquid chromatography (Bay et 

20 al. (1997)) with a gradient from 10 to 35% and 14.74-min retention time, 
electrospray mass spectrometry :2623 (calculated, 2623:56). Amino acid 
analysis: Ala, 1 (1); Asp, 1.04 (1); Glu, 2.16 (2); Gly, 1.03(1). lie, 2.95 (3), 
Leu. 1.1 (1): Lys. 2.04 (2); Hhe. 1,1)1(1): Ser 1.86(2); Thr, 2.76(3); and 
Tyr 0.97(1). 
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T-cell stimulation. 

The recognition of the poliovirus T-cell epitope contained in the 
different constructs was analyzed using a specific T-eell hybridorna and 
A20 cells as antigen presenting cells, as described previously (I n-Man et 
s af. (199G)) . T-celi hybridomas (lO 3 ) were cultured with 1o 5 A20 eclla in 
the presence of the indicated construct in RPMI 1840 supplemented with 
10% hCS. antibiotics. L-glutamine. and mercaptoethanol. lnterleukin-2 
synthesis following recognition by the T cell receptor of hybridorna T 
cells was assessed by the proliferation of the interleukin 2-dependent 
10 CTLL cell line using [ 3 H]thymidine. 

Mice and reagents. 

Six to 8 week-old BALB/c . SJL/J. and DBA/2 mice were from Iffa 
(5 Credo. DBA/1 mice were from the animal colony of the Pasteur Institute. 
The anti-Tn mAb MLS 128 (Numata et al.{1990)) was provided by Dr. H. 
Nakada (Kyoto Sangyo University. Japan). Tn was conjugated to chicken 
OVA (Tn-OVA) at an initial molar ratio of 4000:1 using glutaraldehyde. as 
described previously (Bay et al. (1S97)). 

20 

ELISA and Flow Cytometry. 

Mouse sera were tested for anti-Tn antibodies by ELISA using the 
synthetic glycopeptide Tn 3 -TT or the parent peptide 

25 — ^tT(YIKANSKIGITEL).--Nincty«six-wcll microtiter plates (Nunc. Roskilde. 
Denmark) were coated with 0.1 pg of antigen per well In 50 mM 
carbonate buffer (pH 9 6) and incubated for 1 h at 37°C. After washing 
with PBS containing 0.1% Tween 20, the aerially diluted sera in buffer 
(PBS plus 0.1% Tween 20-1% BSA) were added to the wells for 1 h at 

30 37°C Following three washes, wells were treated 1 h at 37°C using goat 
antimouse IgC or IgM peroxidase conjugate (Sigma Chemical Co.. St. 
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Louis. MO) and 0-phenyienediamine-H 2 0 2 was then added as substrate. 
Plates were read photometrically at A4 92 nm in an ELISA outo-rcadcr 
(Dynatech, Mames ia Coquette, France). The negative control consisted 
of naive mouse sera diluted 100-fold. ELISA antibody titers were 
determined by linear regression analysis plotting dilution versus A^nm . 
The titers were calculated to be the log 10 highest dilution, which gave 
twice the ahsorhance of normal mouse sera diluted 1:100. Titers were 
given as the arithmetic mean ± SD of the log 10 titers. 

Mouse sera were also tested at a 1:250 dilution by flow cymetry on 
Tn-expressing human tumor cell lines, Jurkat and LS180, and on the 
TA3/Ha murine cell line. Cells were first incubated for 30 min with sera at 
4'C in PBS containing 5% FCS and 0.1% sodium acid and then with an 
antimouse IgM/IgG goat antibody conjugated to FITC (Sigma). One % 
paraformaldehyde fixed cells were analyzed on a FACS can flow 
cytometer (Becton Dickinson. San Jose. CA). 

Results: 

The Tn Antigen and the T-cell epitope included into the MAG 
. 20 retain their antigenicity. 

As 6hown in figure 8 the MAG synthesized is composed of a 
dendnmeric lysine core structure with four arms. Eacli arm is linked to a 
CD4' T cell epitope (PV peptide: K.LFAVWKITYKDT sequence from the 

poljovirus type 1 ;(Lo-Man __ct_. al - 0°?S)) with a single ct-N- 

25 ~ acetylgalactosamine-serine 'residue (Tn^at the NH 2 terminus fMAG:Tn- 
PV; (Ser(a-GalNAc)] 4 -{PV) 4 -K 2 -K-pAla; Bay et a!. (1997))]. 

The B-cell antigenicity of the Tn antigen included in the MAG:Tn- 
PV construct was analyzed using the MLS128 anti-Tn mAb. which was 
generated after immunization with the LS180 adenocarcinoma cell line 
30 derived fiorn a colon cancer patient (Nurnala el al. (1990)). 



io 
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Figure 9a shews that ths MLS128 mAk ^ 

' mAb recognized the MAG.Tn-PV 

T ; : i ;"r e " 1 dev °' d * * e ~ ™ 

This recogn»ion was in ft, same as 
obse™, „ ot only with Tn conjuga(ed , o (he ^ * 

5 9a) but also with the a-OSM (Bay etal. (1997)) 

The poliovirus-derived PV peptide was induded h 

a» h / e **"^« «•««•* However. linKage o, 

camohydrares ,o peptides can Interfere pepMe « 

encoded molecules w«h T-cel, recognaion (D e ck s , a,. (1995)) Fpr 
.onsen e, al. (1997), showed tha , . ^ .^.^ ^ 

for a hemoglobrn-derived peptide. glycosylated with „-Ga,NAc a, . Thr 
rosrdue. did no, ,ccogn te c the unglycosylated peptide ,„ vitro. However 
m 0« Particular case, the glycosylate was introduced into the T-ce» 
core sequence, where,., in n,,r case. t he Tn antigen was attached a, the 
NH 2 (.menus o, lhe HV pep( , de (KL( . AVWK|TYKDT) djsian( 

rJTlZT" WWCh "~ CharaC,eri2e<1 35 (Lo - M an 
at «,gg 6 ,). As seen , n figure gb , ^ 

recogn.e the unglycosylated PV peptide a, we,, as the glycosylated Tn- 
PV pep„de Showing ,na, lhe Tn saccharidic epitope did no, alter ,he T- 
cell recognition o, the PV peptide sequence. To analyse ft. T-cel, 
antigenicity o, the MAG:Tn-PV, A20 an,igen- p ,esen,ing cells were 
abated with the MAG:TN6PV or the control constructs in the presence 
of a PV-spec* T-ce„ hybridoma . (ng.g b , „ „ noleworthy ,„„ ^ 
P^ence of the Tn antigen dramauea,,,, ! nc re _„ed_ t he present 
ho PV pep,,de by MHC .molecules because l^raHuSS5r« ^ 
aoh»v.d w,,h a ,0.000-fold less MAG:Tn-PV dose compared to the 
MAP.PV construe, and to the PV , ree peptide (Figure 9b). This effect 
was only observed with .he dendrimenc MAG structure because (he 
ahmulaUon induced by ,„. Tn-PV g.ycopopado (Se,<«- G el N Ac)-PV) or 
•he PV peptide was similar. The mechanisms undenylng m,s enhancing 
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effect remain unclear. However, because the formation of stable 
peptide/MHC complexes requires intracellular peptide loading on MHC 
molecules, the enhanced PV peptide presentation observed with the 
MAG:Tn-PV may stern fiorn the intracellular processing of this construct, 
s This result could also suggest that the MAG:Tn-PV endocytosis by 
antigen presenting cells is mediated by the cross-linking of a Ga IN Ac- 
specific receptor. After immunization of mice with the MAG:Tn-PV. T-cell 
responses specific for the PV epitope were stimulated in vivo (data not 
shown). Altogether, these results demonstrate that the Tn antigen on the 
io MAG:Tn-PV construct is available for antibody binding and strongly 
enhances MHC presentation of the T-cell epitope, illustrating the potency 
of the MAG:Tn-PV construct to induce T cell-dependent anti-Tn 
antibodies. 



15 EXAMPLE G: Induction of high titers of anti-Tn antibodies that 

recognize Tn-positive tumor cell lines. 

Material and methods arc described in example 5. 

RESULTS: 

20 

The MAG:Tn-PV induc es hioh titers of anti-Tn antibodies that 
recognize Tn-oositivc tumor cell lines. 

The PV peptide contain s a promiscuo us MHC binding sequence, 
25 which enables its presentation to T cells by l-O d ^ahd PA 3 Ml IC molecufes 
(Lo-Man et al. (1996)). Therefore, the immunogenicity of the MAG:Tn-PV 
was tested in different mouse strains expressing one of these MHC 
molecules, DALD/c (l-C d ), DDA/2 (l-E d ) : and SJL/J (l-A 5 ) mice were 
immunized with the MAG: Tn-PV or with the control MAP:PV in alum, 
30 and sera were tested for anti-Tn antibodies {table 1). The MLS128 mAb 
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was shown to recogm>e thrift consecutive Tn antigens ([ct-GalNAc]- 
Thr[a-GaiNAc]) on a -OSM and glycophorin (Nakada et al. (1991)). We, 
therefore, synthesized a glycopeptide, Tn 3 -TT, irrelevant to the MAG:Tn- 
PV aminoacid sequence containing these three Tn antigens at the NH 2 
:$ terminus of a linear peptide (TT) to evaluate by ELISA the level of anti- 
Tn antibodies. Immunization with the MAG:Tn-PV hut not with the control 
MAP:PV induced anti-Tn IgG antibodies (mainly IgG1) in all three mouse 
strains tested. After three immunisations. Tn-speciflc IgM antibodies 
were still detected in BALB/c and SJL/J mica (table 1). The Tn specificity 

10 of the antibodies using the Tn 3 TT glycopeptide was assessed by the 
lack of recognition by all mouse sera of the parent TT peptide devoid of 
the Tn antigen. DBA/1 (l-A q ) mice, which do not respond to the PV 
peptide (14), did not develop any anti-Tn antibodies following MAG:Tn- 
PV immunization, showing the T-cell dependency of the anti-Tn antibody 

is response. 

To ensure that mouse sera v/ere able to recognize the native Tn 
antigen, we analyzed the binding of these sera to tumor cell lines 
expressing Tn. a-GalNAc-Ser/Thr is present on glycoproteins expressed 
by the human Jurkat T-lymphoma cell line (Nakada et al. (1991)) and 
20 LS1SU adenocarcinoma cell line (Numata et al. (1990)). Figure 10, a and 
b, shows that anti-Tn positive sera from BALB/c mice primed with the 
MAG:Tn-PV bound both human cell lines at> efficiently as the MLS 128 
mAb. whereas sera from naive mice or MAPrPV immuni7eri mice did not 
recognize these cell lines. These results demonstrate that anti-Tn 

23 — -antibodies induced by Uie MAG:Tn-PV recognize the native form" of Tn 

on human tumor cells. 
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TABLE 1: The MA G :Tn-PV In du ced anti-Tn specific antibodies 3 

Tn^ TT TT peptide 

Antigen IgM fgG IgM IgG 

MAP; PV <250 <250 <250 <25Q 



Mouse strain 
BALB/c 



MAG:Tn-PV 6.660±3.760 81.120+18.000 <250 <?S0 

DBA/2 MAP:PV <250 <250 <250 <250 

MAG:Tn PV <250 6,020x2,400 <250 <250 

SJL/J MAP:PV <250 <250 <250 <250 

MAG:Tn-PV 800±570 108,060±34,600 <2b0 <2t>0 

DBA/1 MAP;PV <250 <250 <250 <250 

MAG:Tn-PV <250 <250 <250 <250 



15 



20 



3 Mice (five per group) received three injections (days 0, 21 and 42) 
of 20ug of MAP;PV or MAG:Tn-PV mixed with 1 nig of alum, except for 
DBA/2 mice, which only received two injections (days 0 and 21). Sera 
were collected 10 days after the last boost, and antibody titers specific 
for Tn weie detei ruined by ELISA using the Tn3-TT glycopeptide or the 
parent TT peptide devoid ot the Tn motifs. Results are expressed as tha 
mean ± SE of individual antibody titers. 



.25 



EXAMPLE 7: 

Anti-tumor activity of lVIAQ;Tn-PV 
Antitumor immunotherapy: 

The murine mammary adenocarcinoma cell line, TA3/Ha was 
grown by passage on BALB/c mice. After i.p. administration of 1000 
TA3/Ha cells, 6-week-old BALB/c mice were injected s.c. with 50pg of 
MAG:Tn-PV or control MAP:PV construct with 1 mg of alum. Survival of 
treated and untreated mice was followed for 50 days, Statistical analysis 
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of survival curves was performed with the Statvlew software (Abacus 
Concepts) using the log-rank rest. 

RESULTS: 

5 Immunotherapoutic treatments with the MAG:Tn-PV increase 

mouse survival and resistance to tumor challenge. 

A murine model has been developed to test active specific 
immunization against mucin-type carbohydrates using the TA3/Ha 

io adenocarcinoma cell line (Fung et al. (1990)) In this model, treatment 
with bovine- or ovinc-dcsialylatcd mucin prior and after the tumor 
challenge afforded panial protection (Slnghal et al. (1991)). Likewise, 
active immunotherapy in TA3/Ha-bearing mice using the T antigen p- 
Gal(1-3)a-GalNAc conjugated to the KLH protein together with 

15 cyclophosphamide was also able to strongly enhance mice survival 
(Fung et al. (1990)). FACS analysis of the TA3/Ha cell line (which 
expresses the Tn antigen on mucin ep!giycanln;(Vn den Eljnden et 
al.(1979)) indicated that this ceil line was recognized by MAG: Tn-PV 
induced antibodies (figure 10c). Therefore, we grafted 1000 TA3/Ha cell3 

20 into BALB/c mice and followed their survival after active anti-Tn specific 
immunotherapy using the MAG:Tn-PV (figure 11). Following TA3/Ha 
graft, control groups of mice that were either left untreated (group 1) or 
treated with MAP;PV (group 2) displayed average survival times of 25 
. and 24 days, respectively, whereas after treatment with MAG:Tn-PV 

25 (group 3), the average survival time was -delayed to 30 days for mice that 
did not reject the tumor. The TA3/Ha cell is originated from A mouse 
strain and was shown to grow on many allogeneic mouse strains, but its 
malignancy slightly varies from one mouse strain to another, depending 
on the genetic background (Hauschka et al. (1971)). 
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Untreated BALB/c mice displayed a 10-20% rejection rate of the 
TA3/Ha after inoculaliun of 10 3 cells showing that the graft of TA3/Ha 
was a little less efficient in BALB/c than in other mouse strains usftd in 
studies performed with the same tumor model (Fung ct al. (1900), 
> Singliai el al. (1991)). However, statistically significant differences were 
observed in resistance or survival of mice following TA3/Ha implantation 
between group 3 (48%) and the control groups 1 (22%) and 2 (19%; P < 
0.02). These data show that the anti-Tn immune response induced by 
thft MAG:Tn-PV increases the survival of tumor-hearing mice by rejecting 
10 the tumor graft expressing the Tn carbohydrate antigen. 

EXAMPLE 8: 

Synthesis of a linear glycopeptids containing a CD4+ T cell epitope 
15 associated with a saccharidic antigen to induce anti-saccharidic 
antibodies. 

The basic compound to induce anti-saccharidic antibodies is a 
linear peptidic sequence containing a CH4+ T cell epitope linked to a 

20 saccharidic chain. The BT compound is composed by the 
KLFAVWKITYKDT sequence derived from poliovirus type 1 (CD4*T cell 
epitope) linked at the N-terminus to three GalNac-Ser/Thr residues 
(tumor associated saccharidic Tn antigen ). The BT compound or the 
control PV peptide, KLFAVWKITYKDT sequence ) was Injected to 

25 BALB/c mice mixed -with complet Freund's adjuvant or-with Alum as 

— \>8C, — — — 

follows. 

BALB/c mice (5 per group) were immunized in CFA or Alum with 
either the B-T-PV or the control peptide PV on days 0, 21, 42, 63. Sera 
were collected 10 days after the last injection and tested in ELISA for 
30 antibody titer against the 6-T-PV glycopeptide or the PV peptide. Results 
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are expressed in figure 12 as the mean titer obtained for five mice in 
each group. 

To detect by ELISA anti-saccharidic antibodies (anti-Tn), an 
irrelevant peptide sequence QYIKANSKFIGITEL linked al the N-lerrninus 
5 to three GalNac-Ser/l hr residues (BT-TT1) was used, or the non 
glycosylated YIKANSKFIGITEL (TT1 peptide) as a negative control. As 
shown in figure 12, the B-T-PV glycopeplide induce anti-Tn antibodies, 
but not the PV peptide showing the specificity of the antibody response. 
These results demonstrate that a synthetic linear glycopeptide 
10 containing a sacehai idic B cell epitope and a CD4+ T cell epitope is able 
to induce anti-saccharidic antibodies. 
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TABLE 2 : Synthetic compounds and glycoproteins 



Antigen 


Copy number per molecule 


designation 


aGa!Nac-Ser 


peptide 103-115 




(Tn antigen) 


(T epitope) 


T 


0 


1 


B 


1 


0 


B-T 


1 


1 


M or MAP 


0 


0 


B4-M 


4 


0 


T4-M 


0 


4 


84-T4-M or 


4 


4 


Tn-MAG 






Ovalbumin 


0 


0 


Ovalbumin-Tn 


++* 


0 


d-OSM 


++• 


0 



* several copies but copy number not determined. 



EXAMPLE 9 : 

Synthesis of line ar ql vcopeptldes of the Invention. 
Material and Methods 

The synthesis of Ihe Tn antigens, appropriately protected, 
10 FmocSer(a-GalNAc)-OH ancM4 r mocThr(d<3a!NAc) OH was performed by 
classical methods (Paulsen et al. (1982). Paulsen et al. (1989)) starting 
from tri-O-acetyl-D-galactai (Shafizadeh et al. (1963)). N- 
(Fiuorenylmethoxycarbonyl)-L-serine/threonine /erf-butyl ester (Schultz et 
al. (1993), Vowinkel et al.(1967)) were used for the Koenigs-Knorr 
1 5 reaction with 3,4.6-tri-U-acetyl-2-azido-id-deoxy-a-U-galactopyranosyl 
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chloride (Lemieux et al. (1979), Ferrari et al. (1900)) . The catalyst use 
for the glycosylation was AgOTf for the L-aminoacid (Ser t Thr) and 
Ag2C03/AgCI04 for the D-serine.The final deprotection of the acetyls 
(Paulsen el al. (1985)) and of the /-butyl ester afforded Tn antigens 
5 appropriately protected for the peptide synthesis. 

All the glycopeptiries ware assembled hy the conventional solid- 
phase peptide methodology (Wang resin, Novabiochem) using the Fmoc 
chemistry. The appropriately protected aminoacids were incorporated 
manually in the peptide sequence by using TBTU/HOBT/DIEA as the 

if) coupling reagent (Melds et al. (1991)). Fmoc protection was removed 
with 20% piperidine in DMF. The glycosylated aminoacids 
FmocScr/Thr(a GalNAc) OH were incorporated as their pfp esters 
(Elofsson et al. (199-3)) The peptides were cleaved from the resin with 
aqueous trifluoroacetic acid TFA (95%). 

\5 All the derivatives were purified by HPLC using a Perkin-Elmer 

pump system with a UV detector at 230 nm; the column was a NJucleosi! 
C18 (5 pm, 300A n , 250 x 10 mm) and the gradient was performed with 
water (0.1% TFA) / acetonitriie in 20 min. The peptides and 
glycopeptides (table 3) were all characterized by amino acid analysis and 

2Q mass spectrometry. ^ 

__ PV : HPLC : gradient from 0%_to_65%,.. retention -time .12.6 -min; 

. . v _,. i^.— . „ — 

FADMS : [M ' 1 l] + 1613 (baled. "161 1.9). Amino acid analy3i3 : Ala 1.16 
(1), Asp 1.03 (1), He 0.96 (1), Leu 1.01 (1). Lys 2.92 (3). Phe 1 (1), Thr 
1.84(2). lyr 0.99 (D.Val 0.94(1). 
25 Tn-PV : HPLC : gradient from 10% to 00%. retention time 11.2 

min; ESMS : 1903 (Calcd. 1903.22). Amino acid analysis : Ala 1 (1). Asp 
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1.05 (1), He 1.0 (1). Leu 1.05 (1). Lys 3 1? (3). Phe 1.05 (1). Ser 0.94 (1). 

Thr 1.97 (2). Tyr 1.06(1). Val 1.0(1); 

Tr>3-PV : HPLC : gradient from 10% to 60%, retention time 10.3 

min. ESMS : 2512 (Calcd 2511.8); Amino acid analysis Ala 1 (1), Asp 
5 1.05 (1). He 1.0 (1). Leu 1.05 (1).. Lys 3.12(3). Phe 1.05 (1). Ser 0.95 (1). 
Thi 3.74 (4). "Tyr LOG (1). Val 1.0 (1). 

D-(Tn3)-PV ■ HPI C : gradient from 15% to 30%. retention time 

16.9 min. ESMS : 2484 (Calcd 2483.74); Amino acid analysis Ala 1(1). 
Asp 1.01 (1), He 0.96 (1), Leu 1.01 (1). Lys 3.06 (3), Phe 0.97 (1). Ser 
10 2.7 (3), Thr 1.85 (2). Tyr 1.03 (1). Val 0.99 (1). 

In3-l / : hhlc : gradient Tram 10% to 3t>%, retention time 14.74 

min: ESMS : 2623 (Calcd ; 2623.56). Amino acid analysis : Ala 1 (1). Asn 
1.04 (1), Glu 2. 10 (2). Gly 1.00 (1), He 2.95 (3). Leu 1.1 (1), Lys 2.04 (2). 
Phe 1.01 (1), Ser 1.86 (2). Thr 2.76 (3). Tyr 0.97(1). 
15 Tne-PV : HPLC : gradient from 10% to 60%. retention time .12.7 min; 

ESMS : 3525.0 (Calcd : 3524.7): Amino acid analysis : Ala 1 (1). Asp 
0.98 (1), He 0.97 (1), Leu 1.0 (1). Lys 2.91 (3), Phe 1.02 (1), Ser 2.09 (2). 
Thr 5.92 (6), Tyr 1.13(1). Val 1.0(1) 

STTG6KG ■ HPLC gradient from 0% to 17%. retention time 8.2 min. 
20 ESMS 834.3 (Calcd 834.4). Amino-acid analysis : Ser 0.93 (1), Thr 2 (2), 
-Gly 7.95 (7), Lys 1.-21 (1) : ;-- 

gjt--»— 

STTG6K(8lot)G : HPLC gradient from 0% to 20%, retention time 14 6 
min. ESMS 1060.8 (Calcd 1061.1). Amino acid analysis : Ser 0.93 (1), 
Thr 1.89 (2), Gly 7 (7). Lys 1.09 (1) 
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Tn3G6K(Biot)G : HPLC gradient from 5% to 20%, retention time 11.4 
min. CSMS 1669.7 (Caicd 1670.0). Amino acid analysis : Ser 1.09 (1), 
Thr 2 (2), Gly 6.48 (7), Lys 0.99 (1) 

TrrjGeKG . HPLC gradient fiorn 0% lo 17%; retention time 7.6 min. 
3 ESMS . 1443.9 (Calcd 1443.6). Amino acid analysis : Ser 0.93 (1), Thr 
1.70 (2), Gly 7 (7), Lys 1.0(1) 

KG4TnzG3 : HPLC: gradient from 0% to 14%, retention time 9.6 min. 
ESMS : 1444.4 (Calcd 1443.6). Amino acid analysis : Ser 0.88 (1), Thr 2 
(2), Gly 7.07 (7), Lya 1.03(1) 

\o 

Results of the synthesis 

The glycupeplides were assembled by the conventional solid-phase 
peptide methodology using the Fmoc chemistry which is compatible with 
the rjlycnpeptide synthesis. The appropriately protected aminoacids were 

1 5 incorporated in the peptide sequence by using TBTU/HOBT/DIEA as the 
coupling reagent (Fields et al.(1991)). Of interest was the incorporation 
of three successive Tn residues which could be achieved with the fully 
deprotected sugar. Several groups described the coupling of a single N- 
terminal ylycosyl aminoacid with unprotected cabohydrate hydroxyl 

20 groups ( Bay et al. (1997), Anisfeld et al (1990), Filira et al. (1990)) 

(Reimer eta! (1993)). However to our knowledge, only few examples of 

synthesis with subsequent coupling steps have been described and they 
only concern N-linked glycosyl-asparagin (Urge et I. (1992), Otvos ct al, 
(1990)). In our case the O-glycosylated Fmoc-aminoacids 

25 FmocSer/Thr(a-GalNAc)-OH could be incorporated efficiently as their pfp 
esters (Elofsson et al. (1993)). This is very advantageous since it avoids 
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the eventual side reactions (racemization and/or fl-elimination) 
associated with the final deacetylation of the sugar residue. Furthermore 
the deprotection of the acetyl groups of three sugar units is difficult to 
follow by HPLC when the strucluie is rnullimei ic as in the case of the 
MAG constructs. 

For the synthesis of the Tnfi-PV glycopeptide, a glycine residue was 
introduced as a spacer on the two amino groups of the N-termina! lysine 
residue to reduce steric hindrance (see Table 3 for the identification of 
the glycopeptides). 

TABLEAU 3: STRUCTURE OF THE DIFFERENT GLYCOPEPTIDES 



STTGsKG 

Tn 3 G,,KG 

Tn 3 G 3 K(Biot)G 

KG*Tn 3 G, 

PV 

Tn-PV 

Tn3-PV 

D-(Tn 3 )-PV 

Tno-PV 

Tn 3 -TT 



STTGGGGCCKC 
S-T-T-GGGGGGKG 
STT'GGGGGGK. (diotine)G 
KGGGG3*T*T*GGG 
KLFAVWKITYKDT 
S'KLFAVWKITYKDT 
S*TT'KLFAWVKITYKDT 
D-(S*)D-(S*)D-(S*)KLFAVWKITYKDT 
(S*T*T*G) 2 KLFAVWKFITYKDT 
-S" I - 1 -OYIKANSKIGITEL -- 



_ , sjt-v .- 

• a-GalNAc; PV: poliovirus p 103 115; TT: tetanus toxin p 830-844; L-amino 
acids in single letters code are designated hy upper case letters. D-aminoacids 
are specified by the letter U. 



15 
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EXAMPLE 10: 

Antigenicity and imrnunogonicity of the linear glycopeptides 
Material and Methods 
Mica and immunization 

5 6-to 8-week-old female DALO/c mice were from Janvier (Le 

Genest Saint-Isle, France). Mice were - injected intraperitnnealiy with 
peptides or glycopeptides in ChA (Sigma), then boost injection were 
performed in I FA (Sigma). Sera were collected and tested to detect the 
presence of anti-Tn antibodies by ELISA or FACS, 

10 

Fl ISA (for antigenicity) 

The PV- and TT-glycopeptides were coated in 50 mM carbonate 
buffer pH 0.6 by overnight incubation at 37°C on microtiter plates; then, 
several dilutions of MLS128 (a mouse lgG3 specific for the Tn antigen 

1 5 (Numata et aL (1990)) were added for 1 hr at 37°C. After washing, the 
MLS128 mAb bound to the cooted compound was revealed using goat 
anti mouse IgG peroxidase conjugate (Sigma) and O- 
phenyidlamine/H202 substrates The reaction was stopped by H2SO4 
and the optical density (O.D.) read at 492 nm v/ith an ELISA autoreader 

20 (Dynatech, Marnes la Coquette, France). 
■ - For the inhibition studies, streptavidin coated microtiter plates (Sigma, St 
Louis. MO) were used and intubation with the biotinylotcd glycopeptide 
Tn3G6K(Biot)G was performed for 1 h at 37 W C. MLS128 mAb, at 1 
ug/ml. was then added on the streptavidin coated plates with serial 

25 dilutions of the synthetic competitors (peptide or glycopeptide) for 30 
minutes. 
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Results are expressed as the percentage of inhibition calculated 
from the values obtained without any competitor (O. D. max) or in the 
presence of a competitor peptide (O. D. comp.). % inhibition = 100 x [1- 
(O. D camp. /O. D. max)]. 
5 . _ . 

ELISA (antibody titer) 

Mouse sera were tested for anti-Tn antibodies by finzyme-linked 
immunosorbent assay (ELISA) using the synthetic glycopeptide 
Tn3G6K(Biot)C or the unglycosylated analogue STTGsK(Biot)G* as 

10 control. The biotinylated peptides at 1 pg/ml were incubated for 1h at 
37°C on streptavidin coated microtiter plates. I hen. serial dilutions of 
sera were added to the plates; bound antibodies were revealed using 
goat anti-mouse IgG or IgM peroxidase conjugate (Sigma). The titers 
were calculated to be the Log 10 highest dilution that gave twice the 

is signal obtained with naive mice sera tested at 1/100 dilution. 

Flow cytometry (FACS) 

Mouse sera wem tested at serial dilutions by flow cytometry on the 
human Jurkat tumor cell line expressing I n. Cells were Hist incubated for 

20 30 min. with sera at 4°C in PBS containing 5% FCS and 0,05% sodium 
t azide and fu rther in cubated 30 min: with anti-mouse IgM goat antibodies ~ 

conjugated to HIC (Pharmigen. San Diego, CA) and with a mixture of 
biotinylated anti-mouse lgG1, lgG2a t lgG2b and lgG3 antibodies from 
goat (Amersham, Les Ulis, France). IgG binding was next revealed using 

25 streptavidin-PE (Sera-I ah). PFA fixed cells were analyzed on a 
FACScan flow cytometer (Becton Dickinson, Mountain View, CA) and 



i 
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analysis performed with CeliQuest software (Becton Dickinson). The 
titers on Jurkat cells were calculated to be the log1 0 highest dilution that 
gave twice the geometric mean of fluorescence obtained with unstained 
cells. 

1) Antigenicity 

The antigenicity of the mono-, trl- and hexa-Tn glycopeptides 
containing the poliovirus sequence 103-115 (Tn-PV, Tn3-PV, Tn6-PV 

respectively) and the tri-Tn glycopeptide with the tetanus toxin sequence 
in 830-844 ( I n3-TT) was first evaluated by measuring the recognition of the 
Tn motif by the MLS 128 rnAb (Figure 13A). The tri- and hexa-Tn 
peptides are efficiently recognized by MLS 128, whereas the mono-Tn- 
PV and the PV peptides are nnt On the other hand, the tri-Tn 
glycopeptide with three D-serlne residues is also recognized by the 
\s antibody. Since the chirality of the D-(Tns) motif in the PV-glynopeptide 

does not affect the recognition of the "Tn motif 1 by MLS 128, the 

aglyconc (Ser/Thr) might not be of crucial importance. 

The influence, on the MLS 128 binding, of the position of the tri Tn 

motif within the peptide backbone was first investigated. For this 

20 purpose, an inhibition assay was performed using Tri3GeKG or 

KG4Tn3G3 glycopeptides as competitors for the binding of. MLS1 28 to 

. — -.^t-.^ \__ 

Tn3G6K(Biot)G coated on a streptavidin layer. The model polyglycine 

glycopeptide TnsGgKG was chosen tor the competition assays because 
it competes efficiently with a-USM for MLS 128 binding whereas the 
25 unglycosylated parent peptide, STTG6KG, does not (data not shown). As 
can be seen in Figure 13B, the inhibition is similar whether the tri-Tn 
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cluster is at the N-terminal end of the peptide or in the middle of the 
peptide chain. 

Furthermore, the recognition of the tri-Tn sequence by MLS 128 is 
only slightly affected by the nature of the adjacent peptide as shown in 

5 Figure 13C, in inhibition studies with Tna-PV, Tna-TT or TnsGsKG. 
These results indicate that the binding of the tri-Tn ligand to MLS 128 
does not really depend on the peptide backbone. This feature is 
particularly important given the fact that the association of the Tn motif 
with a T cell peptide is required tor its immunogenicity. 

10 Strong immunoreactivity was obseived with synthetic Muc2 peptides 
(14 Thr) containing nine or ten GaiNAc residues; however the site of 
glycosylation in the peptide was not clearly determined (Inoue et al. 
(1998)). On the other hand, the MLS128 mAb was shown to recognize a 
tri-Tn motif on glycophorin (Nakada et al. (1993)) suggesting that the 

15 density of the Tn motif can be a critical point for antibody recognition 
This point is illustrated in Figure 13C by the incapacity of a mono-Tn 
glycopeptide (Tn-PV) lu inhibit MLS128 binding. 

In order to improve the antigenicity of the Tn-based glycopeptides, 
the density of the Tn mntif was further increased by introducing one tn- 
20 Tn motif on each amino group of the N terminal lysine residue of the PV 
peptide (TnQ-PV). As shown in Figure^ 13C t this strategy leacte to a 

significant enhancement of the antigenicity (measured in the competition 
assay) as compared to the Tn^-PV peptide. 



rax 6m±s par: 33 01 53 04 64 00 ^ HARLB & PHELIP le 27/03/33 10-44 A4 NORM Pg: 62/114 



60 



2) Imrnunogenicity 

To analyse the ability of Tn based linear glycopeptides to induce 
$ anti-Tn antibodies, RALB/c mice received three injections of the Tn-PV, 
Tn3-PV. D-(Tn3)-PV and Tn6-PV glycopeptides or of the control PV 

peptide corresponding to the T cell epitope alone. Sera were collected 
after each immunization and tested for IgG and IgM anti Tn antibodies 
by ELISA using a glycopeptide with a tri-Tn motif associated to a 
io polyglycine backbone, Tn3G6K(Biotine)G, which is unrelated to the PV 

sequence (Figure 14). Another glycopeptide with an irrelevant sequence 
to PV was tested (Tn3-TT) with similar results (data not shown). 

In these conditions, anti-Tn IgM antibodies were detected after 
immunization with the Tn6-PV peptide and D-(Tn3)-PV{Figure 14A) . A 

13 slightly lower antibody response was obained when mice were 
immunized with ln3-PV. Interestingly, these three short glycopeptides 

also induced anti-Tn IgG antibodies; however, unexpectedly, the level 
was somewhat higher for the Tn3-PV glycopeptide than for the D-(Tn3)- 
PV and the Tn6-PV homologues (Figure 14B). This level, obtained with a 
20 linear glycopeptide in the absence^of a carrier molecule, is similar to the 

IgG titer obtained with _the..dendrirneric MAG construct described Pearlier 

: -tjc.-*— ^- ^ 

{Day et al. (1997)). Wc chocked that no Tn specific antibodies were 

detected after injection of the PV peptide showing the Tn specificity Of 

the antibodies (Figure 14B). Interestingly, the Tn-PV glycopeptide did not 

2* induce any Tn antibody. This result is in agreement with the lack of 

recognition of the mono-Tn glycopeptide by the MLS128 mAb (Figure 
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13C). and confirm thai Tn cluster structures are required for efficient 
antibody production. 

Peptides with contiguous B and 1 epitopes have been reported to 
give a protective immune response in the absence of a carrier molecules 
(Del Guercio et al. (1997). Partidos et al. (1997)). Only a few examples of 
carbohydrate specific antibodies raised after glycopeptide immunisation 
have been puhlished. A synthetic glycopeptides containing either a 
pentasaccharide (MELDAL (1993)) or a repeating unit of 3 a-D-ribose-(1- 
1)-D-ribitol-5-phosphate (PRP). have been shown to induce quite a good 
level of antibodies against the carbohydrate part of the proteine (Chong 
et al. (1997)). We show here that glycopeptides bearing a tri-Tn motif are 
also able lo induce the production of antibodies without the help of a 
carrier protein. 

To determine whether these mouse sera were able to recognize the 
native Tn antigen, we titrated the anti-Tn reactivity obtained after the last 
immunization using the human Jurkat T lymphoma cells that express the 
Tn antigen (Nakada et al. (1991))- Figure 15 shows that sera from 
BALB/c mice immunized with Tn 3 -PV. D-<Tn 3 )-PV and Tn 6 -PV bound 
This human cell line demonstrating that Tn specific antibodies induced by 
these glycopeptides recognize the. naf.ve form of In on human tumor 
- cells. However, the pattern of antibody titers is .different whether the 
"Titrat^nTs performed by~ ElllsA using the-Tn3G6K(Biotine)G glycopept.de 
(Figure 14) or by FACS (Figure 15) using the Jurkat call line. Recognition 
of the Jurkat cells was Setter with Tn 6 -PV than with Tn 3 -PV induced 
antibodies (for both IgM and IgG). Interestingly, the antibody production 
obtained with the tri-D-(Tn 3 ) glycopeptide (D-(Tn3)-PV) containing three 



rax 6mls par: 33 01 53 04 64 00. HARM & PHELIP le 27/03/33 10-^4 A4 NORM Pg: 64/114 



62 



D-serine residues is similar to that obtained with Tn3-PV itself. This 
result could be useful for the development of the MAG-constructs sinra it 
would protect the tri-Tn antigen from hydrolysis by the proteases. 

The choice of the tri-Tn motif (Tr^GoKG) for the EL ISA was based 

5 on the structural motif recognized by the MLS128 mAb (Nakada et al. 
(1993)). Although it allows the detection of antibodies raised against the 
Tn3- or Tng-PV ylyeopeptides, it only represents a Tn artificial probe. By 
contrast. Lhe Tn recognition measured on Jurkat cells by FACS 
represents a more accurate view of the natural structure available at the 

10 ceil surface for antibody recognition. In these conditions, the double tri- 
Tn motif (Tn6-PV) provides a significant benefit over the single tri-Tn 
motif (Tn3-PV) in the induction of anti-Tn specific IgM and IgG 
antibodies. 

Although the Jurkat cell may not represent the cell prototype for the 
15 Tn expression level, no carcinoma cell clones can correctly mimic the 
natural diversity of mucinous cancer cells. Indeed, unveiling of cryptic Tn 
on carcinoma cells probably leads to highly variable Tn clusters on 
mucin-like proteins depending on Ser/Thr content in the ominoacid 
sequence. We may expect that if the Tn content is high in the 
20 glycopeptidic immunogen. the antibody response will be adapted for 
recognition of various types of natural Tn clusters. - — 



In conclusion, we show here that the conjugation of tri- or hexa-Tn 
motifs to a linear CD4+ T cell epitope successfully induce anti-Tn 
antibodies These results are promising for the further development of 
25 dendrlmeric MAG constructs bearing tri- or hexa-Tn dusters. Indeed, a 
stronger response can be expected for these tri-Tn-MAG since the 
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mono-Tn-MAG construct itself, when used in immunotherapy, was 
already shown to give some protection in tumor bearing mice (Lo Man et 
al. (1999)). 

5 EXAMPLE 11 : 

Adjuvant effect of the saccharide moTety of the polypeptides of the 

invention 

The Qlycopeptides used herein are described in table 4 at the end 
lo of this example. 

Material and methods 



Cell lines 

is The following T cell hybridomas were used- 45G10 is l-E* restricted and 
specific for PV peptide (103-115 aa of VP1 protein from poliovirus); 
FBCU1 is l-A d restricted Is specific for M5 peptide (100-1 15 aa of E.coli 
MalE protein); CRMA6 and CRMC3 are l-A b restricted is specific for M5 
peptide (100-115 aa of E.coli MalE protein). 

20 Different APC ceil lines were used: B-cell lymphoma A20 (H-2 d ; ATCC, 
Rockville, MD). 

L (l-A b ), L (l-A d ) and L (l-C d ) are fibroblast cell lines transfected 
respectively with MHCJ class II l-A*\ l-A d and l-E d genes and were kindly 
given by Dr M. Viguier (ICGM, Paris, France)r — — 

APC preparation 

BALB/c (H-2 d ) and C57BL/6 (H-2 b ) mice were used to prepare different 
APC. 

Activated R cell blast were prepared by stimulating I cell depleted spleen 
30 cells for 48h with LPS, Activated macrophages were prepared from mice 
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injected with thioglycolate after 3 to 5 days by collecting peritoneal 
exudate cells and 1 hour plastic adherence step in plates. 
Dendritic cells were prepared from bone marrow cells cultured for 5 days 
in the presence of GM-CSF as previously described ( K. Inaba et al. 
5 (1992)). In these conditions 50 to 70% of the cells were dendritic cells as 
verified by the presence of the CD11c marker by flow cytometry. This 
preparation was used directly as APC as enriched DC or further purified 
at > 95% using FACS sorting. 

10 In vitro T cell stimulation assay 

Antigens carrying GalNac or devoid of GalNac were serially diluted and 
added to APC ( 5 *10 4 to 10 3 /well) and to T cell hybridomas (10 5 /well) in 
96-well culture microplates in complete culture medium at 37°C. 24 h 
after. lOOyl-aliquot supernatants were harvested and frozen for at least 2 

15 h at 70°C. Then 10* cells/well of the IL-2-dependent CTLL cell line were 
cultured with the supernatant in 0.2 ml final volume. Two days later, 3 H- 
thymidine (0.3pmCi/well: AS= 1 Ci/mmoL NEN Life Science, Boston. 
USA) was added and the cells were harvested 18 h later with an 
automated cell harvester (Skatron, Lier, Norway). Incorporated thymidine 

20 was detected by scintillation counting. In all experiments, each point was 
done at least in duplicate. Results are expressed in counts per minute 
(CPM). 

1) Increase T cell antigenicity of GalNac-glycopeptides is dependent 
25 on the GalNAc ratio per molecule — L V -- 

It has been previously demonstrated that compared to the dendrimcric 
MAP:PV (see Table 4) addition of a mono-GalNac moiety on a Ser or 
Thr (i.e. Tn motif) at the N- terminus of the four arms of the dendrimcric 
30 MAC:Tn-PV led to a 100-1000 increased stimulation of a T cell 
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hybridorna specific for the PV CD^ T cell epitope when using the B 
lymphoma A20 ceils as ARC. 

In order, to further document this phenomenon, different linear 
5 glycopeptide and MAG based on the PV peptide CD4 + T cell epitope with 
various ratio of GaiNac residues (see Table 4) were tested using LHiJ 
activated B cell blasts as APC 

When LPS activated B cell blasts are incubated with various 

io concentrations of the linear PV peptide or the parent glycopeptides 
carrying one, three and six consecutive copies of Tn (respectively: 
GP:Tn-PV. GP:~ln3-HV and C5P: Inb-PVj. it can be seen that all 
compounds stimulate the 45G10 T cell hybrid specific for the PV peptide 
(Figure 18A). However, the addition of three or six Tn per molecule 

\s increases the antigenicity of the I cell epitope about a 100-to!d as 
compared to the minimum amount of unglycosylated PV peptide required 
to stimulate the PV specific; T cells. To confirm these results, dendrimeric 
MAGrTn PV, MAG:Tn3-PV and the MAG:Tn6-PV with respectively four, 
twelve and 24 GaiNac moiety per molecules (see Table 4) were also 

20 tested in the same conditions. Figure 18B illustrates Dial the stimulation 
of the PV .specific T cell hybrid was increased by a 1000- to 10000 fold 
for MAG3 as compared with the unglycosylated MAP:PV2. 

These results confirm and further extend the previous results 
obtained with A7Q cells showing that the GaiNac moiety is a powerfull 

25 mean to increase antigen presentation i and stimulation of peptide specific 
T cells. 

2) Enhancement of antigen presentation for T cell stimulation by 
GaiNac is observed with all types of professional APC. 

30 
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Different APC cells were tested to determine whether or not this 
phenomenon wa3 limited to activated D cells. For this purpose, dendritic 
cells were prepared and were Incubated with serial dilutions of 
unglycosylated MAP:PV2 or with glycosylated MAG:Tn PV, MAG:Tn3-PV 

5 and the MAG:Tn6-PV and further used to stimulate PV specific T cell 
hybrid. In these conditions, as shown in figure 19A. 100 to more than 
10000 fold less amount of antigen was required in the case of 
glycosylated dendrimeric MAG to stimulate PV specific T cell cells as 
compared with the unglycosylated MAP:HV2. Similar results are obtained 

io when using activated macrophages as APC {figure 19B) t indicating no 
apparent APC type specificity when professional APC were used, (n 
order to determine if the phenomenon observed could be due to an 
increased interaction of the PV peptide mediated by GalNac to the MHC 
l-E d presenting molecule, we tested non professional APC f i.e. MHC 

15 class II transtected murine L cells. As shown in Figure 20, no 
modification of T cell stimulation was observed with the glycosylated 
MAG.Tn PV, MAGTri3-PV and Ihe MAG;Tn6-PV as compared with the 
MAP:PV. Since the expression of MHC of class II molecules Is not 
sufficient to induce enhanced T cell stimulation, this experiment 

20 demonstrates that this effect is not mediated by direct interaction of 
GalNac with MHC molecules. Moreover, this also shows that the GalNac 
mediated enhancing effect is not due to a direct interaction with the I 
cell, but is dependent on the APC. This result shows that the effect of 
GalNac sRRms limited to particular cell types, here professional APC, 

- ■- 25 and particularly efficient with^dendrrtic"^ 

for Induction of T cell response in vivo. Altogether, this suggests that the 
GalNac effect could be mediated by an increased endocytosis of GalNac 
-antigen by professional APC leading to an increased antigen 
presentation and stimulation of specific T cells. 



30 
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3) Generalization of the GalNac mediated enhancing antig n 
presentation and T cell stimulation 

In order to determine whether the effect observed with GalNac- 
i PV antigen can be generalize to other T cell epitopes, a MAP compound, 
and its MAG derivatization carrying GalNac, carrying a CD4* T cell 
epitope of the MalE protein (peptide M5 corresponding to aa 100-115) 
were synthesized. The M5 peptide stimulates the CRMA6 and FBCD1 T 
cell hybridomas in association with the MHC l-A d and MHC l-A D 

10 molecules, lespeclively. Dendritic cells were incubated with various 
concentrations of the M5 peptide or the dendrimeric MAP:M5 and 
MAG:Tn-M5 (Tn= GalNac-Scr) and used to stimulate the specific 
CRMA6 and FBCD1 T cell hybridomas. As seen in figure 21. MAG;Tn- 
M5 stimulated with a 100 fold increase both T cell hybrids compared to 

15 the parent MAP:M5 or to the MS peptide. These results show that the 
enhancing effect of the GalNac derivatization of antigen is not limited to 
the PV peptide and can be generalized to some other MHC class II 
restricted T cell epitopes. 

20 4) Specific Inhibition of MAG:Tn3-PV increased T cell stimulation by 
a GalNac derivative. 

In order, to further investigate the particularity of the GalNac 

■<v. 

moiety, we tested whether the enhancing effect on T cell stimulation 

7s could be inhibited by competitive related compounds.-For -this -purpose, 

dendritic cells were incubated with the MAG:Tn3-PV together with a 
polyacrylamide bearing repeated units of GalNac (PAA-GalNac). Then, 
these APC were used to stimulate the 45G10 T cell hybridoma. In these 
conditions, there is an inhibition of the enhanced antigen presentation 
3o and T cell stimulation compared to dendritic cells incubaled with the 
MAG:Tn-PV alone (Figure 22). This inhibition was specific to GalNac, 



rax 6mis par: 33 01 53 04 64 QC r MARLB a PH£LI£> le 27/03/59 V 4 A4 NORM Pg: 70/114 

68 

since when control PAA-mannose were used as competitor, no inhibition 
was observed. This further confirms that the enhancing effect is due to 
the GalNac moiety (and maybe to the galactosyl family) and is not 
related to the mannosc, that has been already reported to mediate 
5 endocytosls of mannosylated-antigen for antigen presentation to T cells. 



Table 4 of compounds : 
schematic representation of Tn and derivatives 



Antigen 


Copy number 


per molecule 


designation 


Tn antigen 


T epirope (PV'crM5) 


GP:Tn-PV 


1 


1 PV 


CP;Tirj-PV 


3 


1 PV 


GP:Tn 6 -PV 


6 


1 PV 


♦MAP:PV2 


0 


d PV 


MAP:PV 


0 


4 PV 


MAOTn-PV 


4 


4 PV 


MAGTri3-PV 


12 


4 PV 


MAU:Tn 6 «PV 


2* 


4 PV 


M> 


0 


1 M5 


MAP:M5 


0 


4 MS 


MAG:Tn-M5 


4 


4 MS 



- 10 (PVj^KLFAVWKITYKDT. Mj - ^gKLLAYPlAVEALS) 

*MAP!PV2 corresponds to the addition of STT unglycusylated an added to the PV sequence 

Although only preferred embodiments are specifically illustrated 
15 and described herein it will be appreciated that many modifications and 
variations of the present invention are possible in the light of the above 
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teachings and within purview or the following appended claims withoul 
departing from the spirit and intended scope of the invention. 
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